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IN prepaiing the second English edition of Schmidt’s Oigamc 
Chemistiy , the whole of the text has been carefully revised, with 
the two-fold pm pose of incorporating the main advances which have 
been made in the subject since the issue of the fiist edition in 1926 
and of avoiding any appreciable mciease in the size of the book, 

As a result of various suggestions pul foiward by reviewers and 
readers of the first edition, consideiable changes have now been made 
in the preliminaiy geneial section Students of organic chemistry 
do not refer to a treatise of this type for detailed information on 
analytical piocesses or physical methods of determining moleculai 
weights By curtailing the space devoted to these subjects, room has 
been made for the discussion of a numbei of topics of more general 
interest, including recent work on addition to conjugated systems, the 
electronic theory of valency, the mechanism of laccmisalion, epimerisa- 
tion, conditions for enanliomorphism, isomerism due to restncted 
rotation aiound a single bond, asymmetue decomposition, spiro- 
compounds, the stereochemistry of nitrogen and sulphur, the Beckmann 
rearrangement, taulomerism, the paiachor, polar properties of oiganic 
compounds, and factors influencing the magnitude of optical totatoiy 
power This extension of subject-matter has necessitated an mcieaso 
in the general section of some 29 pages, but the change will, It is 
hoped, considei ably enhance the value of the book to third and fourth 
year students For permission to use the two Illustrations on pages 
5 and 6, which are taken from Cumming and Kay's Quantitative 
Analysis , I am indebted to Di S A Kay A number of other new 
diagrams and figures have also been prepared for this part of the book, 
It is only possible to indicate a few of the many alterations which 
have been made m the text dealing with the systematic treatment 
Some of the more important of these refer to recent progress in the 
chemistry of the sugars, purines, terpenes, sterols, bile acids, condensed 
pyrroles, alkaloids and proteins A number of new sections or 
paragraphs have also been introduced, such as those dealing with 
synthetic methanol and synthol, phosphatides, catechins and enzymes, 
A considerable proportion of these last-named alterations have been 
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taken in part or whole fiom the fourth German edition (1929), vuih 
which the new text has been carefully compared In olhci parts >4 
the book fresh matenal has been added, either to draw attention l<< 
new developments, as in the case of the Diels and Aldci tutulun 
the sesquiterpenes, vitamins, and the aporphme gioup of alkaloid* 
or for the purpose of correlating and extending mfoimation alrtU'h 
contained in the earlier edition, as in the case of growing chain eflui- 
benzene substitution, and the relationship between teipenes and ih* 
isoprene structure The constitution of pipeline has now been ilrdt 
with more completely by the mlioduction of a synthesis of pipcno ai M 
As in the previous edition, an effort has been made to avoid the 1 mr 
of vague statements such as that a given reaction is brought about " In 
oxidation” 01 “by 1 eduction” Except in general cases an attempt ha > 
been made to indicate the actual reagent employed The text has lwr»4 
very fully indexed and its value for puiposcs of lefeience augim riled 
by an mciease in the number of melting-points and boiling-points lisird 
In placing the second English edition before the public, I am 
to acknowledge the helpful criticism of reviewers and a number **( 
former students, which has been of gieat assistance in adapting the* 
German text foi use by English-speaking chemists I also wish u» 
record my indebtedness to my wife, who has collaborated with sin* 
in preparing the book for the piess, to Dr J M Gulland for invaluable 
help in levistng the pages on the morphine alkaloids, to Dr N 
Campbell in dealing with the Beckmann rearrangement, and to Dr 
J Hanower and Dr A McLean for aid In proof-reading 
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INTRODUCTION 


any deal conception of the physico-chemical conditions nuclei which 
these substances aie piochicecl in the living oigamsm On the olhei 
hand, the brilliant resealches on the polypeptides earned out by Ii.mil 
Fischer point the way to the at lificial pieparation of compounds 
(albumoses and peptones) which aie fission pioducls of the pi oleins, 
and are theiefoie closely 1 elated to them 1 

Although we still speak of organic and inoigamc chcmistiy, the 
tei ms are tctained solely foi convenience of i cfei cncc The pccuhat itics 
of organic compounds depend only on the natiiic of then pnncipal 
constituent taibon, and the wide extent of oigamc chcmistiy is a clued 
consequence of the unique combining capacity of the caibon atom 
Not one of the other elements even approaches caibon in its ability to 
unite with itself, atom by atom, to foim open and closed chains, and as 
a result, the number of known caibon compounds, now well ovei 250,000, 
exceeds that of the compounds of all the othei elements put togcthci 

Organic Chemistry is thus to he defined as the chemistry of cm bon 
compounds 2 

As the majoiity of 01 game compounds resulting fiom plant and 
animal activity consist only of caibon, hycliogcn, oxygen and less 
fiequently mtiogcn, these elements have been tcimed oiganogcnclic 
It is comparatively mic to find oigamc substances in liatuic containing 
sulphtti and phosphoius, although byattificial means the mtioduction 
of practically any element can be effected 

1 E Fischer, Btr , 1906, 89 , $31 9 Ciubon itself end a few of its simple compounds, such 

is carbon dioxide and carbonates which are of frequent occimcncc in the mmcinl woiid, are 
usually described in text boohs on Inorganic chemistry and aie not included heie 



Analytical Methods 

Rf LATiVkLY few oigamc compounds arc distinguished by icaclions 
sufficiently chaiactemtic to sctvc as a basis foi then qualitative 
identification Foi the scpatation of oigamc substances fiom mixtuics 
thcic is thcicfotc no gcneial piocediuc known compaiablc to the 
systematic analysis of inoiganic chemisliy 

In many cases the physical piopcities of a substance such as smell, 
ciyslalhne foim, melting-point, boilmg-pomt, ot optical lotalion enable 
it to be identified Moie often it is ncccssaiy to delcitninc its 
composition, fiist qualitatively and then quantitatively Since no 
convenient method has been developed foi the estimation of oxygen 
this element is always detei mined indneclly, aftei the quantitative 
estimation of the othci elements piescnt 

QUALITATIVE! ANALYSIS OB’ ORGANIC COMPOUNDS, 

Carbon and Hydrogen —Cai bon may be detected m many cases by 
heating the diy substance on platinum foil 01 in a poicclain ciuciblc 
The majonty of compounds (eg, slaich, sugai) blacken undci these 
conditions with the scpatation of caibon Compounds which volatilise 
without decomposition aic tested by oxidising the caibon to C0 2 , the 
duecl substance is mixed with sevcial tunes its volume of coppei oxide, 
which has picviously been stiongly ignited, and the mixtuio heated 
in a small diy glass tube The foimation of C 0 2 can be confiimcd by 
leading the products of combustion into lime- 01 batyla-watci At the 
same time the deposition of moistuie on the coldci pails of the tube 
indicates the picscnco of hydiogen in the substance undci investigation 
Oxygen —Up to the piescnt no gcneial method has been devised 
foi the detection of oxygen in oigamc compounds 

Nitrogen — (a) In many cases the piescncc of mtiogen may be 
lecogmscd by the pioduction on heating of the unpleasant smell of 
singed han 01 fcathcis 

(b) In a limited numbet of nitiogcnous substances the nitrogen can 
be clcLcctcd by heating with soda-lime, when ammonia is evolved and 
may be lecogmsed by its smell and othei chaiactenstic icaclions 
Nilro-compounds, amongst otheis, fail to give this test 

(c) The most lehable and sensitive method is that of Lassaigne, 
which consists m healing the oigamc substance with potassium or 
sodium, and convciling the cyanide so foimcd into Piussian blue 
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QUALITATIVE ANALYSIS OP ORGANIC COMPOUNDS 


The substance is stiongly heated m a test-tube with metallic sodium 
(or bettei still potassium), and the hot tube bioken by dipping into a 
little watei Aftei filiation, the aqueous extiacl is healed foi a short 
time with sodium hydi oxide and ferious sulphate solutions, acidified 
with hydioclilonc acid, and treated with a few diops of a solution of 
feme chlonde An insoluble precipitate of Piussian blue 01 a bluish- 
green coloiation shows the ptescnce of nitrogen in the substance tested 1 
Sulphur— (a) On heating sodium with sulpluu compounds, sodium 
sulphide is foimed The latter is confiimed by dissolving the piodiict 
of leaction in watei and testing with sodium nitiopiussidc (put pic 
coloration), with a silver com (daik biown stain), or with lead acetate 
solution (daik precipitate) 

( 8 ) Sulpluu may frequently be recognised by boiling the substance 
( eg, albumin) with a solution of lead hydi oxide m alkali, when black 
lead sulphide is foimed 

(c) Easily volatile substances ai e best heated m a closed lube with 
fuming niLuc acid at about 200 to 300°C (see below) Sulpluu is thus 
oxidised to sulpluuic acid, which may be tested foi by dilution with 
water and the addition of banum chloride 

In the same way phosphorus may be recognised by oxidation to 
phosphonc acid and subsequent addition of ammonium molybdate or 
magnesia mixlmc 

Halogens—Only in rare cases (eg, hydiochloiides of bases, acid 
chlorides and similai easily decomposable compounds) can the halogens 
be tested foi by direct precipitation with silvet mtiatc The 1 cason 
foi this is that most oiganic halogen compounds arc non-clectiolytes, 
te, then solutions, unlike those of inoiganic halides, contain no Ace 
halogen 10ns Thus chlorofonn may be boiled with silvei mimic 
without the formation of any piecipitato of silvei chlonde 

The presence of halogens may often be piovcd by mixing some of 
the substance with freshly ignited copper oxide, and by means of a loop 
of platinum wire introducing a little of the mixtiue into a bunsen flame 
In the picscnce of chlonne the flame is colouicd fiisl blue and then 
green Biotmnc and iodine compounds piocluce a gieen coloiation 
All organic substances containing halogen yield insoluble silver 
halide when they are oxidised by heating in a sealed tube with nitilc 
acid and silver nitrate, or when the organic substance is decomposed 
by ignition with halogen-free calcium oxide and the product sub 
sequently dissolved in water, acidified and treated with silvei mil ale, 
Detection of Metals —It is not always possible to test foi metals 
duectly by means of the usual reagents It is best iheicfoie in all cases 
to decompose the organic substance by ignition 01 oxidation, and then 
to test foi metals in the routine manner 

1 For procedure in cases vherc the detection of nitrogen offers special difficulty, see Kcfittr, 
Bet , 1902, 86, 2523 
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QUANTITATIVE ANALYSIS OP ORGANIC COMPOUNDS * 

Estimation of Carbon and Hydrogen (Combustion) — Many 
elebialcd names aie linked with the hisloiy of this bianch of oigantc 
analysis Beginning with Lavoisiei, the pioblem was investigated in 
tun by BcithoIIct, Saussuics, Davy, and finally and most successfully 
y Liebig, 3 who developed a method which with small modification is 
till m use to-day The details of the piocess aie fully dcscubcd in 
2Xt-books of analytical chemistiy and only the fundamental ptmaples 
til be considucd heie 

A weighed amount (o 15 to o 30 gm ) of the substance is heated 
ith an oxygen compound (coppci oxide, lead chi ornate) capable of 
;adily yielding up its oxygen at a highci tempciatuic, by which means 
u bon is convcited into cat bon dioxide and hydiogen into watei The 
vo pioducts of oxidation aie then collected m a suitable appainlus 
01 the absoiplion of the watei vapom pioduccd 111 a combustion, a 



Diying lower I'JG I Absorption tubes 


-tube filled with calcium chloudc is employed Caibon dioxide is 
'soibed by means of potash In the appaiatus dcscubcd by Liebig, 01 
c of its lalci modifications Soda-lime is oven bettei foi this puipose 
ic absoiplion tubes aie caicfully weighed bcfoic and aflci the coin- 
slion lhc mcieasc in weight of the calcium chloudc tube divided 
89364 (IJjj II a O = 2 0i6 18016) gives the amount of hydiogen, 
cl the mcicasc in weight of the potash tube multiplied by 3/n 
C0 2 = 12 44) gives Lhe amount of caibon 111 the substance analysed 
If the compound contains nitrogen, the combustion gases before 
tving the tube aie passed ovci a coppci spual healed to lcdncss, in 
lei to t educe any mine oxide foimed Fused lead chi ornate is 
t ployed instead of copper oxide in the picsence of sulphur 01 halogens, 
is lelatmng as sulphate 01 chloride of lead the sulphur dioxide or 
01111c which would olhoiwisc be absoibcd in llic potash tubes If 
logens aie present and sulphui absent, the combustion may be earned 
L with copper oxide in combination with a silvci spiral, the lattei is 
ot cool and serves 16 remove the halogens 

See also M Dcnnstcdt, A nltthuti; znr vt>aufiichltn LltmtnUii analyst, 4th edition, Hamburg’, 
■) J Liebig, 11 Ueber ernen neuen Appnrnt iur Analyse organischer KUrper und llbor dia 
unmcnsots'img einlger orgmiiacbcn Substsinzen,’ 1 Pagg Anti, 1831,21, 1 
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6 QUANTITATIVE ANALYSIS OF ORGANIC COMPOUNDS 

In the presence of alkalis 01 alkaline cailhs, wliuh would olhuuise 
hold back caibon dioxide, a inixlutc of lead chiomaL and potassium 
bichromate is employed, the chiomic acid thin di composes Uu 

caibotiales fonmd 
& Estimation of Nltrogon 
—Niliogon in ail oigallic 
compound can Ik dclu mined 
uthei by i limmaling it in 
the elementaly state and 
mcasuiing its volume (Dumas), c» by con- 
veiling it into aminonni and estimating the 
lattei giavnneliicdlly oi volume ti (tally 
(Vairentiapp-Will, Kjeldidil) 

(a) The ptnciduto almost umveisully 
adopted in scientific laboiatones is that of 
Dumas I he subslaiue is mixed with 
coppci oxide and (ombusud in a lube 
ftom which all the an has been completely 
displaced by caibon dioxide 1 lhe pm 
ducts of combustion au led ovu led-hol 
coppei m oidei to uduce any oxides of 
mtiogcn, and the fiee mtiogen is then 
collected in a giaduaLd tube ovei stmng 
potash, which icmoves tlu attoiupanj mg 
caibon dioxide Aftei compli'tion of the 
combustion, any mliogen lemmnmg m tlic 
tube is swept ovei into the inoasuimg tube 
by a ament of cailxm dioxide, and the 
total volume of the gas toad off anil cm- 
lcclcd foi tempo!atmi and piesstue Kmm 
the figuicsso obtained tlu peiuntiigc by 
weight ofmtiogcn in the ougiual compound 
may be calculated 

Vauous foims of mcasui mg tubes or 
( ‘niliometeis” aie available loi use with 
the Dumas method, tlu typo m most 
common use being Unit devised by Schiff, 
and lllustiatcd m Fig z. 

In spite of all piecaulions it is never 
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(b) Kjeldahl's Method 1 —This piocess is employed mainly m technical 
analysis, vvheic a laigc numbci of similai deleunmatiom have to be 
carried out in the shoilcsl possible time Fot this puipose it excels all 
othei methods of mtiogcn estimation The substance is heated with 
concentrated sulphuric acid, together with the addition of potassium 
permanganate, mcicunc oxide 01 mcicuiy Undei these conditions the 
01 game substance is decomposed and nitiogcn convcitcd into ammonia 
The lattei is deteimincd by diluting the sliongly acid liquid with watet, 
making alkaline with excess of sodium hychoxide and distilling ova 
into a measmed quantity of standaid acid Aftci litiating back, the 
amount of ammonia may be calculated in the usual way This method 
fails with a laigc numbci of oigamc substances, including pyndinc and 
quinoline dcnvatives and compounds containing mtiogcn linked to a 
second nittogen atom, 2 although sometimes a small modification m the 
conditions makes successful analysis possible 8 The piocess is pat- 
liculaily suitable foi the estimation of mtiogcn in plant and animal 
pioclucls In academic woik it will also be found of advantage in the 
analysis of compounds such as piolcms, whcic, owing lot the 1 datively 
low mtiogcn content, a dispiopoitionale amount of caibonaccous 
malcnal has to be oxidised foi each determination 

In each of the foregoing methods mtiogcn is cleteunmecl separately Methods 
arc also in existence for the simultaneous estimation of nitrogen and carbon 
or hychogen, but are not yet m common use 

Estimation of Sulphur, Phosphorus and Halogens —■ Vigoious 
oxidation of an oigamc compound containing sulphur conveits the lattei 
into sulplumc acid, which may then be pi capitated by bauum chlonde, 
The oxidation may be cai i led out — 

(a) In the cliy way by heating with a nuxluic of potassium chloiato 
and sodium catbonale, 01 potassium hydioxide and mtic, 01 by heating 
with sodium caibonate and metallic oxide Moie iccentiy sodium 
pei oxide lias been used as the oxidising agent 1 

(7>) In the wet way by healing m a scaled tube with conccnlialcd 
mine acid at 150-300° (Camts) 

<>) A icliablc modem method 0 is to heal the substance in a stream 
of oxygen, using fine platinum gaiuc as catalyst The sulphui dioxide 
evolved is absotbed in a solution of biommc m sodium hydi oxide, by 
which it is oxidised to sulplumc acid 

In oulci to dclcimmc phosphouis in an oigamc compound, the latter 
may be oxidised to phosphonc acid and estimated with magnesia 

1 Z anal, Ut , 1883, 02, 366 See also Villleis mid 1 alon, C, 1919, IV, 5S9 4 For llie 

ninlysh of compounds containing nitrogen to nitrogen I in It mgs, comp tiro I'hmnnd and Prngcr, 
J 3 at , 19051 88, 559 * Nitro- and cyano compounds must first bo mixed with sugar, and 

nitrates with ben/oic acid, comp ire Btr , xSqj, 27 , 1633 , Dyer, / C 1895, 07 , Sir, 817 , C, 
1898, XX, 3 Xt 4 fimgsliemi, Bti , 1903, 80 , 4244, 87 , iifiS* 11 R ApiUich,/« ang CJ: , 
1913,, 26 , 503 
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mixture Foi this purpose the methods of oxidation alieady dcscubcd 
above are suitable 

In some cases it is convenient to oxidise sulphur and phosphoius 
in the wet way, by use of potassium peimanganalc and potassium 
hydroxide, 01 with bichromate and hydiochloric acid 1 

Similaily in the estimation of the halogens it is usual to oxidise the 
organic substance completely, befote conveiting the halogen into silvci 
halide In solutions of hydrochlondcs of organic bases the halogen can 
be directly precipitated with silver nitiatc 

(a) Fiom early limes halogen has been estimated by decomposing 
the organic substance with halogen-fiee quicklime at a high lempeia- 
ture The simplest proceduie is to mix the substance with lime and 
to heat in a short, naitow combustion tube When the icaction is 
complete the contents of the tube are dissolved in mine acid, cat bon 
and splinters of glass are filteied off, and the halide piccipiUlcd with 
silver nitrate oi determined volumetrically This method is of 
universal application, although inconvenient m the case of volatile 
substances, owing to the longer tube required and the laigci quantity of 
lime to be biought into solution 

(Ji) A method which leapt at once into favoui is that flist suggested 
by Canus m i860, nnpioved m 1865, and five yeats latei 2 modified to 
the form commonly In use to-clay It lcsemblcs the estimation of 
sulphur (see above) m that the substance is heated with conccntialcd 
mtile acid and silver nitiate in a sealed tube at 200-300°, the halogen 
being obtained duectly as silver halide This method of estimating 
halogens has piactically displaced all otheis fiom the field 

Sodium peroxide has also been pioposed foi the dclci mutation of 
halogen 

(c) Attention has lately been diawn to a method lccommended by 
Daubigny and Chavanne, in which the substance is healed to 130-140° 
with a mixtine of potassium bichromate and conccntialcd sulphuiic 
acid, in the piesence of silvci sulphate 01 nitiate 8 The escaping 
chlorine or biominc is absorbed m a sulphite solution, and titialcd as 
halogen acid, while iodine remains behind as hydiiodic acid In the 
case of chlorine and bromine estimations, D VoiUndci 4 substitutes 
mercuiic oxide or nitiate, the silver salt being ncccssaiy only m the 
presence of iodine A simple and rapid method of accuialcly deter¬ 
mining chlorine and biomine by oxidation with chromic acid mixlute, 
and tiapping the liberated halogen in alkaline hydiogen pet oxide, has 
been devised by P W Robertson 6 These modifications aic found to 
be of general application and—except for the analysis of volatile 

1 Mcasinger, Btr ,1888,21,3914 a Btr , 3,697 (1870) The practical details of the method 
were subsequently somewhat altered by P W Kuster, A »«, 1895, 28B, 340 Sec also Seeker 
and Mnthewson, Chtm Mtm, 19x1, 108, 61 8 II Emde, / C S, iqu, A, il, 533 * jO 

VcrlandoT, Btr, 1919, S3, 308 * P, W Robertson,/ C S s 1915, 10V, 90s 
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substances—may eventually displace the Canus method fioin hitiotaloiy 
piactice 

(<f) A simple method of estimating halogen m oiganic compound a, 1 cspermlly 
benzene derivatives, consists m the combustion of the substance in n Demisted! 
apparatus, the halogens being absoibcd in alkaline sulphite ami subsequently 
titrated 

(e) It is also possible to lcducc the halogen m many compounds (c f? the halogen 
substituted fatty acids) by means of nascent hydlogon In those cases the Biibitniu e 
is treated with water and sodium amalgam, and shaken frequently timing the course 
of several hours The aqueous solution is then decanted fiom tha mciaiiy, the 
lattm washed with watei and the combined solutions acidified with mine acid I he 
halogen is estimated cithoi votumctiically oi giavniictiicully those compounds 
containing halogen attached to an aiotnalic ling do not lose it imdci this UaUmenU 
On the othei hand, the method of Slcpanow, as modified by llacon, for the estimation 
of halogen by reduction with sodium and alcohol gives satisfactory lcstiUs even with 
aiomatic derivatives 9 

Hstimation of Metals and Inorganio Aoids •—In monL rases Ihc 
metals aic dctcimined by 1 online inoig.imc analysis, aftci Iho oi^.tnic 
substance has been decomposed eilhci by hCiiling to icdnoss, tu by 
oxidation m the wet 01 cliy way, aceoidinjjf to the naUue of the 
metals pi esent 

Fiequcntly the metals may be estimated simultaneously with 
caibon and hycliogen, by combusting the substance m a poicclam boat 
m a cut lent of oxygen ( eg , silvei sails of oiganic acids) 

The moigamc acids piesent in salts of oiganic bases can usually be 
deteimined m the customaiy mannci 

Hetimatiou of Oxygen — I he oxygm content of an oiganic 
compound is always estimated by difference 


Den ns ted t’ a Method of Analyeie )J 


In the Dennstcdt method, which has to some extenL displaced Umt 
of L,iebig, the combustion is can led out m oxygen in the picsenco of 
platinum as catalyst The ptoducls of combustion, walei and caibon 

dioxide, ate tiapped in weighed lubes containing calcium chlondo and 
soda-lime icspcctivcly 

Compounds containing nttiogm yield in addition mtiogcn pci oxide, 
which must not be pci milled to pass into the absoiption appaiatus 
The gases aic thciefoie led ovci suitably heated lead dioxide, when the 
nitrogen peroxide is 1 clamed as load mimic If the substance contains 
sulphm, this clement becomes oxidised to sulpluu dioxide and tnoxicle, 
both of which aic absoibcd by the lead pci oxide to foim lead sulphate' 
Since the lattci may be cxtiactcd tjuanlitativcly, it is possible to 
estimate the caibon, hyehogen and sulpluu simultaneously 


1 IC Dnchlnner and 
Bet , X906, S&, 4056 
C S t 1911, 88, 598 


C Ihomaen, Bit, ‘93,, B 7 ,559 I* Armlt, tlui, p y6a a blaimnoK, 
C. W 13-Jcon, them Mm, 1909, 00, 6 Walker and McKtus,/ Am 
M Dcimstedt, A nlntung m> veremMltn 1 'hmint,It analyst, Unnibnrg 
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Similarly lead dioxide completely absorbs chlonne and fa ornate , 
which are libeiated on combustion eithei as such 01 as the hydiogen 
compounds Iodine is always eliminated in the fice state and icmoved 
by means of “molecular" silvct contained m a poicelain boat If the 
substance under consideration is fice fiom nitiogen and sulphui, the 
amount of iodine is given dncctly by the incicasc in weight of the 
boat This is also the simplest way of estimating chlonne 01 biotnmc 
in the absence of nitiogen In cases wlieie mtiogcn oi sulphui, oi 
both, are present in addition to halogens, the silvct halide fonned is 
mixed with nitiate oi sulphate For the simultaneous estimation of 
halogen, oi halogen and sulphui, under these conditions, lefcicncc 
should be made to the original paper of Dennstcdl alteady quoted 

Simplified methods of inioro analysis foi organic compounds have also been 
submitted to caiefitl investigation m the last few years 1 

In principle these (to not diflei much from the routine methods, but aic earned 
out with the use of very small quantities Caibon and hydiogen aio oxidised 
with copper oxide and lead clnornate m a stream of oxygen The CO a and II a O 
are absoibed in the usual way, and nitiogen estimated volumetucnlly by tlic 
Dumas method The few milligrammes of the substance employed aio weighed 
on a micro balance, and the whole apparatus is much »educed in sue The 
advantages of (he method he not only in a saving of gas and time but nhovc 
all of material The last point is of the gieatcst importance, moie paiticularly 
since resentch in organic chemistry is extending more and more to biochemical 
processes, from which in many cases only minute quantities of valuable pioducts 
can be isolated. 

Calculation of Empa teal Foi mitlce 

The foimula of the substance is deduced fiom the pciccnlagc 
composition, as found by analysis, m the same way as with tnoigamc 
compounds The petcentage figiues aic fiist divided by the atomic 
weights of the elements to which they have lefcrcncc, the quotients 
thus obtained show the relative ptopoilions in which the atoms aic 
combined together On using the smallest of these quoLtenls as a 
divisor foi the otheis, values aic auived at which eithei appioxnnate 
to whole numbcis or do so aftei fuithci simple multiplication The 
formula finally deduced should be in accoidance with the Law of 
Even Numbeis 

Mvatnple —The analysis of a substance consisting of carbon, hydiogen, nitrogen, 
chlorine and oxygen gave 


4+ °5% C, 

7 3S%Hr 

Joi8%N, 

a6 19% Cl) Tnd by difference 

13 20% 0. 

The divisions 44 °S, 

13 

7 38 

“T* 

10 18 

' r 4 ' 

26 39 

35 5 ' 


figures } 59, 

7 38, 

073, 

07 U 

0 76 

These dbvitled by o 73 give 




493, 

10 or. 

JO, 

I OI, 

1 04 


From which the simplest formula is C rj H lc O NCl 

1 See F Pregl, Quantitative Oj game Mtcroauafysis, translated by E, Fyleinnn (Churchill) 1934) 



EMPIRICAL FORMULAS— MOLECULAR WEIGHT 


U 


The simplest foimula obtained m this way is Ulined the ctnpimaf 
formula, and does not always concspond to tlic teal molcculai weight, 
which may piove to be some highci multiple thoieof 

Aftci discoveimg the pciceulage composition of a substance anil 
with it the piopoitions in which the atoms aic united logolhci, the next 
problem is to asccitain the It ue molcculai weight 

DETERMINATION OF MOLEOULAR WEUGHT—MOIiHIOUIiAII 

FORMULA OF AN ORGANIC COMPOUND. 

It is ficquently possible to deduce the piobablc molccuhu weight 
of a compound fiom the icaclions by which it is foiined Til othei 
eases the mfoimation can be gamed fiom a detailed chemical investi¬ 
gation of the natuic of the substance In most instances, hmvoveii 
the best lesults aic given by physical methods 

Determination of Moleoular Weight by Chemical Methods 

It should be said at once that an absolutely suic method of dolei- 
mining molcculai weights by puicly chemical means is not available 
It is only possible to eliminate ccitain of the values in question and to 
estimate with some piobabilily the actual si/c of the molecule 

Foi this puiposc deiivativcs of the substance must be picpaiod 
possessing an atom 01 lachca! capable of being quantitatively deloi- 
mincd, fiom the piopoi lion of which the molcculai foi inula of the 
deuvativc may be calculated and hence that of the patent substance 
Salt foiming compounds, such as acids and bases, lent! Uu'insclvis 
best to this end In the ease of acids the dctcimutations aio earned 
out picfeiably with the silvci salts, because these .ue usually of nojinal 
composition and easily analysed In addition it is ne'ccssaiy to know 
the basicity of the acid, which may be ascci lamed fiom an examination 
of the cstcis oi salts As will be seen lnlm (|> 83) the 0lcel11c.il con¬ 
ductivity also gives valuable mfoimation 011 this point 

Foi smulai 1 casons the dctcimination ol the molcculai wuight of 
a base is earned out by means of its platinum salt, which is gont'ially 
of the type of ammonium chloioplatinalc, (Nir^gllglTCIo, and thus 
contains r molecule of hydiochloioplatimc acid, 11^*10,), fen each 
2 mols of a monacal 01 1 mol of a diacid base 

The piopoi lion of platinum in the double salt is estimated by 
ignition, and fiom this is calculated the total weight of the othei 
constituents associated with one atom of platinum (at wt Kj 4 8) Uy 
subliacling the weights of six atoms of chlonne and two atoms of 
hydiogen fiom the numbet so obtained, and subsequent division by 2 
(foi a monacid base), the molcculai weight of the base is found 

Undei ccitain conditions the molcculai weight of a base may also 
be dctcimined by estimating the amount of hydiochlonc acid tn ita 
hydi ochloritlc 
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DETERMINATION OF MOLECULAR WEIGHT 


Example /—Acetic acid on analysis gives the cmpincal fotmula CII 3 0 It 
is a monobasic acid, and m silvei acetate one hydrogen atom of the acid is 
therefore replaced by one atom of silvci lienee m order to find the molecular 
weight of acetic acid we only require to estimate the amount of silver in the 
silver salt 

04120 gm silver acetate leaves on ignition 0*2663 £ m metallic silver The salt 
therefore contains 64 70 per cent silver , or 

roo parts of silvei acetate consist of— 

Organic residue = 35 3 

Silver * = 64 7 

The molecular weight of the organic residue in silver acetate is theiefoie given 
by the equation 

647 35 3 = 88 1 v 

v =* 50 

Free acetic acid* however, contains in addition to these 59 paits of acetic acid 
residue a further atom of hydrogen The molecular weight of the fice acid is 
therefore 60 I he simplest formula CH a O arrived at through analysis, and cone 
sportdmg to the mol wfc 3o, must accordingly be doubled, and the composition 
of acetic acid expressed by the formula C 3 II A 

This is teuned the molecular formula and indicates how many atoms 
of the elements composing the compound aic contained m one molecule 

Example 21 —Analysis of aniline shows it to consist of 7742 pci cent C, 
753 per cent II, and 1505 pei cent N from which is denved the empirical 
formula C^IIyN As is well known, Nll a combines with HC1 to form ammonium 
chloride in the proportion of 17 364 Aniline also combines ducctly with 

hydrochloric acid to form a similar salt The molecular weight of aniline may 

therefore be considered to be that amount which combines with 364 gms 11 Cl, 
and may be calculated from the chlorine content of aniline hychochlondc On 

precipitation with silver nitrate, o 2590 gm of this salt gives 0 2870 gm of silver 

chloride, which corresponds to 0073 gm of IIC 1 Consequently 0259 gm* of the 
salt contains 0073 gm of IIC 1 , and by difference o 186 gm of aniline* I*rom this 
it follows from the equation 

0073 0*186 s- 36 f % 

that 93 patts by weight of aniline are united with 36 4 parts of IICI 

The empirical formula C a XI ? N also gives 93 as the molecular weight and is 
therefore to be considered as the molecular formula of aniline 

Example 121 —'Caffeine* the physiologically active constituent of coffee and 
tea* gives on analysis the empirical formula C 4 H fi N 9 0 

It is a monacal base, and its phtinum compound consists thcrcfoic of 2 mols 
of caffeine combined with 2 mols, of hydrochloric acid and 1 mo) of platinum 
chloride, On ignition too paits by weight of this compound give 246 paits of 
metallic platinum, consequently the weight containing one atomic pioportion 
(194 8) of platumm is 

24 6 

These 791 8 parts of the platinum double salt consist however of 2 mols ot 
caffeine combined with 2HCl+PtCI 4 , the molecular weight of caffeine is thcrcfoic 
obtained from the equation 

2*+(3 x 36 4) 1 336*3 =* 791 8 

A ~ IQE 

The formula CjIIoNjO quoted above, and corresponding to the mol wt 97, must 
therefore be doubled, giving the molecular formula of caffeine as C 8 II w N, 0 4 

1 Atomic weight of silver 
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The majonty of organic compounds aie neither acids noi bases, 
and with mdiffcicnt substances such as these it is frequently impossible 
to determine the moleculai weight by puicly chemical methods Some¬ 
times a detailed study of the icacitons of the substance leads to a 
definite conclusion 

Investigation may be made, foi example, as to the mannei in which 
the compound behaves on the substitution of hydiogen by chlorine, and 
the piopoition of the total hydrogen which is lcplaccablc m this way 

Example 1 —Chloio substituted carboxylic acids can be preprued by the dnoct 
action of chlonne on the acids Acetic acid, with the empirical loimula CII 3 0» 
gives seconding to experimental coiuhlions three different acids on ticatmcnl with 
chlonne, the final product of substitution having tlie formula CallCljO^ In acetic 
acid itself there me therefore tluce hydrogen atoms replaceable by chlonne, pointing 
to the molecular foimuh C a IliO a foi acetic acid 

Example //—The simplest foimula foi naphthalene as deduced fiom aimlylicnl 
data is C 0 IIj Naphthalene loads with chlouwe, however, to give a substance, 
monocliloionaphthalenc, containing 738 per cent C, 43 per cent II and 319 
per cent Cl, from which the formula C^II^Gl is derived llus compound is 
produced from naphthalene by the substitution of hydrogen by chlmtnc, so that at 
least one whole atom must have been leplaced, since fractions arc excluded Ifrom 
the formula C 10 ILCl f theiefoie, it is obvious that at least j of the total hydrogen m 
the original compound has been replaced, and naphthalene contains m consequence 
8, or 2x8, ot 3x8, etc, hydrogen atoms, together with 10 (ot a multiple of 10) 
carbon atomb A multiple of 8 01 10 is, however, out of H10 question, smcc no 
derivatives have gvcl been obtained from naphthalene indicating the possibility of 
replacing, for example, 01 fa of the total hydiogcn foi these irasona the 
foimula C B II| is doubled, and the moleculai formula Ci 0 II fi assumed foi naphthalene 

In some cases an investigation of the additive compounds given 
with pici ic acid has been of seivico in dctci mining the molccuhu weights 
of hydi ocat boas 1 

Example 221 —An illustialion of tho mannei in which the chemical examination 
of even more complicated compounds may throw light upon tho moleculai weight 
is given in the case of fructose, which has tho same pcicenlago composition as 
acetic acid, and theiefoie the cmpuical formula CII a O Ibis compound on 
icduction is convcilcd mto nianmtoJ, which may bo tiansformed back to Auclose 
by oxidation *Ihe moleculai weight of mannitol is known, since it is n hexuhyclric 
alcohol C{jII a (On) QI derived from hexane and may be converted mto this 

hydiocaibon Consequently fiuctosc similarly contains six atoms of caibon and has 
the mole culm forimila 

Determination of Molecular Weight by Phyeioal Methods^ 

Of the many processes available fot this purpose, those which have 
proved of greatest scivicc to the organic chemist aie the dctcrmumLion 
of vapoin density by Victor Meyci's method, and the dctetminations of 

1 See Is W Kibter, B&r , 1S9 \ t 2V f iroi 13 Two simple micro methodfi of dclormiaing 

molecular weighta have been described by G Barger (y t S t 1904, 66, 286 , ucc alflo K# Rnat, 
Be} 1 192 r, 64, 1979) and by K Rnst {Bef \ I922> 66, 1051, ^leo W S Ssndikow aiul A K 
Mlcliadow, Btochem ZtU , 192^, 180, 368 , CarUohn, Bet , I927» 00, 473) 
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determination of molecular weight 


molecular weight by mcasuung the elevation of boilmg-point or the 
depi ession of free/ing-point of a solution These are dcscubcd in full 
detail in analytical text books 

Polymerl sm 

It is seen from the foregoing pages that compounds of the same 
percentage composition may possess diffeienl molecular weights and 
therefore different properties Such compounds are said to be polymers 
or polymerides The numbet of organic compounds exhibiting this 
relationship is very large, familiar examples being cyanic acid, IICNO, 
and cyanuuc acid, (HCNO) s , formaldehyde, CH 2 0, and fmetose, 
C e H ls O 0 

Interesting cases of polymerism involving veiy small diffeicnccs in 
chemical behaviour will be discussed later undei nitioso-compounds 


Molecular Structure and Isomeiism 

Even supposing the composition and molcculai weight of a substance 
to have been detei mined by means of the methods indicated in the 
previous chaptci, the molcculai foimula antved at fiom these data is 
not yet sufficiently chaiacteristic to obviate the possibility of confusion 
with other substances 

There are a large number of oiganic compounds of the same 
percentage composition and molecular weight which nevet thcless diffci 
m their physical and chemical piopertics Such substances die called 
Isomers , 1 or isomevides 

For example, five diffeient compounds are known having the 
composition and molecular formula C a II 0 O, and ethylamme and 
dimethylamine of the same molcculai foimula C a H 7 N show consicleiablc 
differences in then chemical and physical behavioiu 

The 1 cason for such diffci ences must be sought m the internal 
structure of the molecules, which are assumed to contain a dtssinnlai 
art angemeni of atoms This diffci cnee of auangement may lcfci —• 
(a) To the mannci in which the atoms are linked logethci, without 
reference to their positions in space These ate cases of structural 
isomerism, and are treated in detail under the Lheoiy of stiuctuic 

(S) To the relative position of the atoms in space These aic cases 
of stereo-isomerism and aic discussed unclci stereo-chcmisliy 

It is a point of interest that the development of these two blanches, 
which together comprise the theory of molecular sliucUuc, onginalcd 
solely in the spheic of oiganic chemist!y a 

1 The term which. was applied to -such substances by Ber/eliusj is less frequently 

used nowadays and employed only in special cases of isomerism (sec p 21) 55 X he phenomenon 

of Isomerism is comparatively rare in inorganic chemistry 
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I —STRUCWUBE 

The thcoiy of the stiucliue of oiganic compounds deals with the 
mannei in which the atoms <uc connected one with anothci, and is 
based on the conception of valency 


(it) Outline of the Theory of Valency 


In the ycai 1858 JCckuld advanced two hypotheses which foim the 
foundation of modem views on the stiucliue of caibon compounds 
They postulated that caibon is a tetiavalcnt element and that its atoms 
have the powei to combine one with anothci 1 Somewhat latci 
Coupci 2 published similai views, which gave use to the idea of atomic 
linkings 8 

Wheieas at fiisl it was assumed that the diffcient atoms foiming 
a molecule were held logethci in such a manner that one atUactccl all 
ot a ccilain numbu of the othcis, and these themselves excited a 
lccipiocal attiaclion on the fit si, thus holding it m position, it was 
icahscd laid that tins mutual influence extended only Horn atom to 
atom Giaphically exptessed, the atoms aic conceived as sliung into 
a chain, each mcinbei being linked to those adjacent to it, if one 
be icmovcd and not icplaccd by anothci, the chain bicaks and the 
compound decomposes Such chains may be built up fiom a vancty 
of atoms which need not be of the same valency A monovalent atom 
such as hydiogen, howcvei, has only the one oppoitunity of union, 
whilst one which is divalent has two, and so on 

The pmvu of union 01 valency of an atom is indicated by placing 
small lines 01 points close to the symbols of the elements, m such a 
way that each line 01 point evpi esses a unit of valency 


H™ 01 II —O'— (O ) N (N ) ~~ A— (C ) 

/ I 

Monovalent Divalent frivatcnl lotravalonl 

Assuming that m the fmmabon of a compound these valencies are 
mutually used up, 1L follows that those elements which combine with 
hydiogen accoiding to the foimula X —II must, like hydiogen, be 
monovalent The elements which combine accoiding to the foimuke 



/II 

NC-II 

MI 



aie then eh-, In- and tetiavalcnt lespcctively 


1 Ahh , 1858, 108 , 151 a Ann c/nw fihys , 1858, (3) 68, j6g, 3 It should bo noted that 
Kckuld and Couper arc not tho actual founders of (lie thcoiy of valency 1 Ills honour belonged 
to l'ranklnnd and Kotbc ihc former investigatois have, howcvei, rendered the gicnt bci vice of 
expanding the ideas of l'ranklnnd and Kolbe, and of applying them to organic chemistry 
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The further development of the theory of valency in mot game 
chemistry is complicated by the fact that elements do not always 
exhibit the same valency, thus copper is mono- oi divalent accoidmg 
to whether it is present in a cupious 01 a cupnc compound In oiganic 
chemistry the conditions aie simplei, since the elements II, O, and C, 
of which the majority of important caibon compounds aie composed, 
show with comparatively few exceptions a constant valency In olhci 
words, hydrogen is monovalent, oxygen geneially divalent 1 and caibon 
tetmvalent 

The manner in which the atoms aie linked up within the molecule 
indicates the constitution or structure of the compound, and is 
expressed by means of constitutional 01 stiuctuial foimula. These 
are built up accoiding to the following iules, based on expenencc — 

1 The carbon atom ts usually tetravalent, in agice¬ 
ment with its position in the pei iodic classification A II 

carbon atom may thus combine with a maximum of l 

four monovalent atoms or gioups This is lllusliated by / 

one of the simplest organic compounds, maish gas oi IX 

methane, in which one atom of caibon is combined with Moth me 
four atoms of hydiogen 

In a few compounds such as carbon monoxide, C = 0, fulmimc acid, IIO N - C 
and others, carbon plays the part of a dtvalent element II may also exist m iht! 
trivalent state in triphenylmctliyl, 2 and otlici compounds 

2 The four valencies of carbon aie equivalent to one another smee the 
replacement of any one of the four hydrogen atoms m methane by the 
same monovalent atom, oi gioup of atoms, always yields the same 
monosubstitution product 

Systematic proof of the equivalence of the foiu caibon valencies has 
been supplied by Henry, 8 who prepared nitio-methane, CII 8 (N 0 2 ), by 
four different methods, so that the nitio-group each lime leplaccd a 
different hydrogen atom of methane If these hydiogen atoms are 
distinguished by the indices a, b, c, and d, the compounds picpaied may 
be written as follows, 

C(NO a )«HtH c H (i CH a (N 0 2 )j,II c Hcj CIIJI^NO^Jhi 
and 

CH a HiHc(N 0 3 ),r, 

all of which proved to be Identical 

1 It should be borne In nund that oxygen in organic compounds may under special conditions 
be tetravalent (see Collie nnd Tickle, J C S t 1899,75, 710, and Jlneyei nnd Villigcr, lift , 
1901, 84 , *68sJ nod carbon possibly tnyolont, 5 Tho divnloncy of carbon has been discussed 
by Nef, Ann , S 70 , 280 , 287 , 208 , 800 , 810 , 818 Tnvalent carbon has been assumed by M« 
Gomberg, Gomberg and Schoepfle,/ Am, C S, 1917,80,1653 I< or llio views of Nef on valency 
tee J Am C S„ 1904, 26 , 1549, * C, > , 1887, 104 , 1106 , 7 , Mys Ch , 1888, 2, 553 , L t 

1907,1, rjia 
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Foi this purpose Ilemy started fioiu methyl iodide, Clall&HoII^ in winch iodine 
uny be assumed to occupy the position a, and con vetted it directly into a mtro 
methane, C(NO JallblluIItt, by meana of silver mtutc Anothci pot Lion of methyl 
iodide was heated with potassium cyanide, yielding methyl cyanide which on 
hydrolysis gave acetic acid, also having the caiboxyl gioup in the a position 
Tins on chlounation gave mono-chloioacetic acid, which may be wntten 
C{COOII)rtCI(>HoIIrf I lie latter was leadily changed into b mttoacetic acid and 
finally to b mtro methane, CHa(NO*)&IIcIIrf Anothei part of the chloroacctic acid 
was converted into mulonic acid, chloi mated to C(GOQH)«(COOII)&CicIItC and 
aftet treatment with silver mtutc was subsequently converted into the third 
mtro methane, CIIaII&(NQ a )cntf Yet another mUoduction of a caiboxyl group, 
followed by chlounation and m(nation, gave the fourth mtio methane, 
CII rt HbIIo(N 0 3 }fi As already mentioned, the four mtro mctlnnes obtained in 
this way proved to be identical 

3 Cat bon atoms have a gieat capacity for combining with one anothci 

Recognition of this fact was of the gicalcst importance for the 
development of stiucluial chemistry, since it led duectly to the 
possibility of willing constitutional foi uvulae foi caibon compounds 
In the union of caibon atoms it is supposed that each atom is bound 
by a valency, 01 several valencies, to a neighbouring atom , the tcmaul¬ 
ing valencies can then be saturated by hydiogen, or other simple 01 
complex groups Two carbon atoms may thus be linked together with 
one, two, or three valencies, these being tcimcd single, double, 01 tuple 
bonds i cspcclively, C—C, C”C, C^C 

Those substances m which, as in I, only singly bound caibon atoms 
occui, aic called salinated caibon compounds, wheicas those, as m II 
and III, containing double or tuple bonds aie known as unsatuialed 


ri n 

ii— i— c —ii 

ii n 

i i 


A=A 

i i 

ii n 

II Flhylono 

II—C£"-C—11 

n ir 

I Ftlnno 

III. AcaLylcuc 

In a similai way it is possible foi thtec, fom, oi any Iaigei number 
of caibon atoms to combine together Ihc final pjoduct may bo an 
open chain such as 

c.—c 

C —C—C—C c—C'—C=C—C—'C . Nc— c—c 

oi dosed chains cn rnigs of the type 

C 

c \/ c 

c 

C 

a —c 

c 


A numbei of important open chain caibon compounds aie found in 
animal and vegetable fats Consequently that section of organic 
chemistry which Heats of open chain compounds is known as the fatty 
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series, and a substance belonging to this class as a fatty 01 aliphatic 
compound 

On the other hand, those containing closed chains come unde i tlio 
heading of cyclic compounds If the lings consist entucly of t.ubun 
atoms, as m the above examples, they aie teimccl caibocythc, if in 
addition to carbon we have elements such as oxygen, sulplnu 01 
nitrogen, taking part in the foimation of lings of the type 



the compounds are termed heterocyclic 

Among the carbocychc rings, the one containing six carbon atoms 

with six free valencies possesses a special interest Fiona it aie dcnved 
substances classed as aromatic compounds or benzene derivatives 


(A) Substitution, Radicals, Isomerism. 

Under suitable conditions the elements m oigamc compounds may 


be replaced, or substituted, in equivalent piopoi lions by olhei elements 
Once again considering the simplest compound of caibon, methane, it 
is possible for one of its hydrogen atoms to be replaced by one dLom of 
chloiine, bromine or iodine, or by a gioup of atoms, such as O II, 
having one free bond — 

H H H II 


H—C—Cl, 

I 

H 

Methyl chloride 


H—C—Br, 


H 

Methyl bromide 


II—C—I, 
II 

Methyl iodide 




on 



Methyl alcohol 


Such groups of atoms, which still exhibit free affinity and thci efoi o 
do not exist m the free state, are often tiansfeiable as such ftom one 
compound to another, and are termed radicals 01 gioups I he gioup 
OH is known as the hydroxyl radical, and since it possesses only one 
free affinity is monovalent By the removal of successive atoms of 
hydrogen from methane we may derive the following 


H S C— 

Methyl 


h 2 c< 


Methylene 


Metheuyl or mcihmc 


which are mono , di- and bivalent ladicats respectively 

In the same way it is easy to undei stand that two atoms of hydiogen 
may be replaced either by two monovalent atoms 01 groups, 01 by one 
divalent atom or group, as illustrated m the following examples 


H 

H 

II II 

1 

H—C—Cl 

1 

| 

H—fc=0 

II—C—c— 

Cl 

Methylene chloride 

Formaldehyde 

Ethylene 
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Simikuly thiee hydrogen atoms of methane may be substituted by 
three monovalent atoms 01 radicals, by one monovalent and one divalent 


a1 -om (oi radical), or by a 
Compounds 

II 

tnvalcnt atom (oi 

II 

1 

c=o 

1 

radical), as m the following 

Cl—C—Cl 

IIC-CII 

Cl 

Chlorofoim 

1 

on 

Formic ncid 

Acetylene 

Finally all foiu hydiogen atoms may be 
attorns or ladicals, etc, as in— 

replaced by foui monovalent 

Cl 

0 

II 

Cl—C—Cl 

0 

ll 

C—0 

Cl—C— Cl 

Cl 

Carbon tetnehforiele 

Phosgene 

Carbon dioxide 


The substitution of hydiogen m methane by the radical CII„ will lit* 
constdciccl in moic detail When an atom of hydiogen in CIIj, is 
exchanged foi the monovalent lachcal CII a , the hydiocaibon ethane, 
TI^C—CII 8 , is pioduccd If now in this compound II is again lcplacod 
by CH 8 , we obtain CII 3 —CII a —CII B , piopanc Obviously theie is only 
ethane 01 piopanc possible, since it is immatenal which hydiogen atom 
in methane ot ethane is substituted If, liowevei, a hydiogen atom m 
piopanc is once again exchanged foi CII 8 , two isomciic compounds may 
be foimcd, accoiding to vvhclhei the II lcplaccd is situated in one of the 
two CH 8 gioups 01 in the CII 2 In the fiisl case not mat butane Is 
obtained 

II 8 C—CII 8 —CH 2 —CII 0 

Nomnl butane 

and in the second isobutanc, 

II 8 C—CII—CII 8 

CII B 

tsobuline 

both of the composition C 4 II 10 

As in numcious othci cases, the cause of isomerism in the butanes 
is the diffeient constitution of the carbon chains Normal butane 
contains a sliaight cat bon chain, whereas isobutane has a branched 

chain 

Isomciism of this type involving a different structure, or manner 
of linking, of the caibon chain 01 nucleus is termed chain oi nuclear 

isomerism 

It is seen fiom the foicgoing that there are two ways of linking up 
Tour carbon atoms, and if m a similar manner we derive fiom the 
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formulas of the two butanes the con esponding compounds with f 
carbon atoms, we find there ate thiee possible pentanes— 

CII, 


H a C—-CH a —CH a —CH 2 —CH S , 

Normal pentmo 


H S C—CH-— CHj —CII B , n„c—c—c 

CII S CII, 

Isopentane Nconcntanc o 

Lctromcthyl jnclhr 


With an incieasing numbei of caibon atoms, the numbci of diffcic 
modes of linking, and therefoie the possible numbei ol isomcis, inciea c 
with extraordinary lapidity Theie are five hexanes, C 0 II llP m 
heptanes, C ? H l0 , and eighteen octanes, C a H ia , thcoictically possible 
It is also possible for hydrogen atoms m all these hydiocaibons 
be leplaced by other elements or tadicals This gives use to a diffeie 
kind of isomerism from that discussed above I'oi example, diffcic 
chlorine compounds may be deuved fiom propane, CII 8 CII a Cl 
accoiding as the halogen replaces hydiogen in the CH a 01 one of tl 
CII 8 groups— 

H b C—CH 2 ~CH 3 C1 and H ft C—CllCl—CII 8 

Normal propyl chloride Isopropyl chloride 


The reason for the diffei encc between these two compounds is 1 
longer to be found m the diifeient strucliue of then caibon chains, b 
in the different position of the chlorine atom in the same caibon chai 
Isomeiism caused by the different position of substituents in tl 
same caibon chain is termed position isomerism. 

This can lead to conditions of great complexity, 234 
particularly when the caibon fiamewoik is satin a led I 1 1 

with different monovalent atoms 01 groups It is 1 1 1 i~ 

thus theoietically possible to foim over one bundled 876 
diffeient dcnvalives of propane, C 3 H B , if in the 
annexed foiinula the numbei s 1 to 8 represent different monovalct 
atoms 

(c) Homologues, Metamerism 

If we compaie the formulae of the simple hydrocarbons deuved fiot 
methane by substitution, as described in the previous section, 

CH„ C a H 0 c s h 8 c,n 10 

Mcthone Ellmne Propane Btitanc, 

we observe at once that each member of the senes diffeis in its con 
position by CH 4 from the following member Indicating the numbe 
of cai bon atoms in these hydrocarbons by n, where n may be any who] 
number fi om i upwards, the number of hydrogen atoms is given b 
and the series possesses the common foimula CJI auJa 
Jn all these hydrocarbons we may replace the hydiogen atom 
by other atoms or radicals On substituting a hydrogen atom m 111 
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above- fom hychocai bons by a hydioxyl gioup, we obtain, mcspccltve 
of possible isomci ides, the following compounds 

cii 8 on CgUj oir c fl n 7 on c,ii fl on 

Methyl alcohol lithyl Ucoliol Piopyl alcohol I 3 utyl alcohol 

In this senes also, each member differs fiom the next by CH 2 , and 
all ate exptessed by the general foitnulu C w H 2b(2 Oil 

Substitution by the most vaued elements 01 radicals always lesulls m 
the foimation ot gioups of bodies whose membeis diffei fiom one to 
anothei by CH a 

A gioup of similaily constituted compounds of this type is tcimcd 
a homologous series, and its individual membeis homologues It is 
easily unclci stood that compounds which diffei mcicly m the icplacc- 
ment of H by CII 8 , and aic otheiwisc of similai sliuctuie, possess foi 
the most pail the same chemical piopcitics Thus the hydiocaibons 
CII 1( C a I-I Q , C a H a , CjIT 1Q , show gtcal similanly m chemical bchaviotu, 
and the same is tiue of the hydioxyl compounds, CII^OII, C 2 H B OII, 
C 8 H 7 OH, CjH 9 OH Many othci such senes ate met with in oiganic 
chemisLty, and in consequence the study of the subject is vciy much 
lightened 

It has been shown by Kopp that in a homologous senes the physical 
pi opcilies of the compounds change giadually fiom membci to membei 

(P 78) 

The cxptcssion metamerism, which is seldom employed nowadays, 
tefcis to that kind of isomciism involving ladicals attached to a poly¬ 
valent element Numuous examples of this kind aic known, of which 
the following will scivc as illustrations — 


Genual Fmillet 

J3u tyln mine 

Ethyl 

dimoOtylnmino 

C t II u N 

CM 

ii 

■N 

‘ag; 

■N 

ii J 


crij 



Pipropyl ether 

Methyl- 
peiUyl ether 

Ethyl- 
butyl ether 

C 0 II u O 

c a iw u 

cn 8 *> 0 

C 6 Hn/ U 

C a na 0 


JJutyiic acid 

Methyl- 
prop Ion a to 

Jithyl Eicctate 

CtHaO, 

c ' n £}o 

CII „ \ 0 
c 8 n fi o;° 



(d) Constitution of TJnaaturated Carbon Compounds 

Many instances of unsaluiatcd compounds aic known in oiganic 
chemistiy, and these have foi long been afiuitful subject of investiga¬ 
tion Eailier woik in this dnection led to the assumption of double 
and tuple bonds, as Uluslialcd m the foimulaj— 

II a C~CII 2 

Etliylenc 


iiceicii 

Acetylene 
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A number of unsatmated caibon compounds die also known m 
which the presence of a divalent caibon atom is assumed , 1 as in 

CO C S C Nil ( NOIl 

Carbon monoxide Carbon monosulphide Hydrogen cyanide bulmniu tud 


Neveithelessj it should be noted that this hypothesis of multiple 
bonds is not indispensable for the explanation of unsaliualed com¬ 
pounds, although it is still accepted by the gicat majouty of chemists 
despite the objections that have been biought against it 

The theory of the existence of double and multiple bonds most' fiom 
the observation that all those ieaction 9 which would be expected to 
yield methylene, CH 2 , invariably lead to the founation of its homologue, 
ethylene, C 2 H 4 It was theiefore assumed that ficc valencies <ould 
not exist on the carbon atom, and consequently of the two foumil.e 
proposed for ethylene, H 2 C = CH 2 and II 0 C — CII hilcnmcyer 
decided in favour of the first 

The most characteristic propelty of unsaluiatcd compounds is 

their ability to add on elements or radicals and pass into satin ated 
compounds , 2 for example— 

H 2 C CH 3 + II 2 = II 8 C CIT„ 

Ethylene F tlinne 


Doubly bound caibon atoms appeal thciefoic to be less fumly united 
than singly bound atoms, whereas the leveisc might have been expected 
Baeyer attempted to explain this peculmuly by his st/trtu thco>y' A 

From stereo chemical considerations Bacyci came to the conclusion 
that the angle between the valencies of the caibon atom, accmdmg to 
the tetrahedral model (see p 32), remain unalteied when two caibon 
atoms are united by a single bond, but bcfoic a double bond can come 
into being, the respective valencies must be displaced fiom thou 011mn.il 
direction by a certain angle A definite slnun is thus set up in the 
molecule, rendering the multiple bond easily mptuied by suitable 
reagents to form a compound with single bonds and noimally dncclod 
valencies A similat, but even gi eater strain may lx imagined to exist 
n compounds contammg triple bonds As was pointed out by Uaeyei 

itsdfTthe fT tn th * e r aSe ° f the P° ] y &ccl y tones tends to manifest 
itself in the development of explosive propeilics 

calculated fo^v ma " ner dlstortlon of ^ carbon bonds may be 

alculated for various cyclic compounds It is found that this is 

(I) ' bCMmeS l0% 1,1 cyclok'Hnuc (II) 

(IV) the S™ 7 (HI) In tyclohcxdilo 

the S membered comnn^T norm£l * l& soine 'vhat grealci than in 
, i6 y lt s 1S f ° Und that thc stablllt y of the ling stiitcluic tovvauls 

addition reactions, J^r«M ! l h i Uld ioo6 m ft4R t0 Vorl,trt , dor ’ s explanation of the mechanism of 

‘9o S , tm, 1 , i 9o6 , 846, I55 s see p 3 19 for a fuller tlbcnasion 
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reagents mcieases as wc pass from cyclopiopanc to cyclopcntane, which 
is the most stable of the lowoi membus of the sc lies (sec also p 349 
et sea ) 

I II III 

CII 9 


CII 


II„C 



3 


CII, 


II 2 C 
ILC 


f 


CII 

CII 


II 


3 


c/\ 


ILC 


1 1 

Ml I ik ■ '* H 


CII 

CII 


Cyclopropane 


Cyclobutano 


C ycloiicnlnne 


IV 

CH, 

iijc/Ncn 

cli, 

CycloliLxnne 


1 

3 


Lalei,a detailed study of unsaliualed compounds led to Ihe conclusion 
that the double bond did not completely utilise the affinity between 
the two caibon atoms, but left a suiplus on ca<h atom which was 
tcimed 1 esidual affinity These ideas, as developed hy Thiele, have 
aroused gicat mteiest and discussion 

Tfmte's theoty of wnsaimated compounds was ouginally put foiwnid 
to explain the obscivation of E.ieyei and Rape, that when inuconic 
acid is 1 educed the fiist step is the addition of two hydiogen atoms 
to the extieme ends of the hydtocaihon chain, with the fotnialion of 
a new double bond in the cenlie On fuilhci 1 eduction this double 


nooc— cii=cii— crimen— cooii - v iiooc—cn a —cti on ori„ -coon 

Atuoonla «oi<l I)llij (lrniimooiiEs floltt 

bond is also attacked Simiiai displacements have been noted by 
Bacyei 1 in the 1 eduction of ben/cne c.iibovyhc acids 

Thiele assumed that all such unsdUualod compounds contain one oi 
mote double bonds, but that the two affinities of a double bond do not 
completely satmalc one anolhei, leaving a teilain 1 esidual affinity 01 
partial valency in excess on each caibon atom Tills is ill imitated 
giaphically m the following foimula, wheie the dotted lines indicate 
pattial valencies Addition to this compound follows hy cvich new 
atom fiist attaching itself to a pailial valency, subsequently taking up 
the full valency with the simultaneous disappc.uanco of the double bond 


A 

y 


>c 



1 II a —> * >c 

LI 


CMS 


C<r u —> v >(' 
* y 1 

II II 



U 

z 


It is supposed that in a system of alternating single and double 
bonds such as I 


II H II II 




ii rr lr ti 

J - C •> » (!|* 


1 c 



1334 

which Thiele dcscubcs as conjugated double bonds , the two cential 
paitial valencies mutually satmalc one another, so that addition 
must fiist occur at the ends of the system, in the 1, 4 positions (II) 

1 Bneycij /nn , 1889,36!, 2^1 
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This may be made clearer by comparing a pan of conjugated double 
bonds to a magnet, the activity of which is manifested only at the poles 
When it is divided in half two new magnets aie pioduccd, and on foiming 
it into a dosed ring all chaiactenstic activity is losL, to be icgcnciatcd 
in its original strength on again opening the ling As will be explained 
later, this theory furnishes a paiticulaily good lcpicsentation of the 
nature of the benzene ring 

Thiele illustrated the use of his hypothesis by a Inigo numbei of 
examples, and it appears to give a satisfactoiy explanation of the 
behaviour of many unsatuiated oiganic compounds In icunl years, 
however, facts have come to light which aie not m (nine agtctmuil 
with the rule of i 4 addition Thoipe and his co-woikcis 1 have 
re-examined the behaviour of butadiene towaids biominc and have 
confirmed the simultaneous foimation of two pnmaiy dibiomo addition 
products, one of which is a 12- and the olhci a 1 ^-compound 
Either of these compounds, on being healed, imdugocs loauangunent 
to give a mixture of the two isomendes containing about 80 pu cent 
of the 1 4 compound, although the isomeue change is veiy slow at 
room temperature Hence the pioccss of addition to such <1 system 
is not as simple as is repiesented in Thiele’s theoiy 

[ <BiCII 3 Clllh.CJir CIL,) 


ch 3 ch ch ch 3 —> { 





BrCIIj, CII 


cn 011 ,mi 


In a similar manner isoprene,CII 3 C(CIT n ) CII CII E) adds on 
hydrogen in the presence of platinum black to give in the flisl instance 
a mixture of 1 2, 1 4 and 3 4 dei lvalivcs,* these tlueo mictions 
proceeding simultaneously The unsatuiated cyclic compounds 1 3. 

cyclohexadiene and 1 3" c yclopentadiene also yield consideiablc 
proportions of 1 2-dibromo addition products 8 

Other theories on the constitution of unsatuiated caibou compounds 
have been put forward from time to time by difiTcient invesligatoiV 
but up to the present none has obtained any gcneial supjjoj t 

A further contribution to the valency pi oblem has been developed 
in modern tunes by Werner, who, unlike Thiele, makes no assumption 
o directed valency bonds, but substitutes the conception of affinity 
distributed over definite areas of the atomic surface* Accoichng to 
these views, which have been most fimtful in Ihelt application to 
complex inorganic compounds, the valency of a ca.bon atom vailcs 
with the spatial configuration of the atom and Us dcgiee of affinity 

° “s L V V Let ( lL nd \ ? n vT/, C 1028 ‘ W SlmiH, 

and ijTj 9S ® V Ub tJ r nd A 0 y«k«khlk ,7 C 6 , loan, 833 8 Former 

346 Voriander, Attn, 190 a, 820,66 W “ft 43 '' JP " U • *9“ 

8V, 1904, 880, i68 8 A Wemet f*' 1 **'**, ™ , , WU 

amrganmkm Chemte (1933) * 9 Amehammgin mif dtm GehuU dir 
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lowaids adjacent atoms Compounds of the “first oidci ” me thus 
built up in which the iiulivicHi.il atoms sLill contain suiplus components 
of affinity, even if the substance is of the type known as satuialccl 
This lesiclual valency can attach othci atoms 01 molecules to foim 
compounds of the "second oidci ” (eg , molcculai compounds) But 
whcthci we piefei the idea of fixed valency, which has aheady piovcd 
of incalculable value m oiganic pioblcms, 01 the conceptions of Weiner 
as developed m the chcmisliy of the metalloids, the assumption of 
lcsidual affinity lemmns indispensable 

(e) Derivation of (Structural or Constitutional Formulas 

The constitutional 01 stiuctuial foimula is deuved fiom the molcculai 
fonnula by building up evety possible combination of the constituent 
atoms, consistent with the foiegoing considciatiom of valency, and 
selecting that pailiculai one which agiccs best with the pioperties 
of the compound 

It is a compaiatively simple matlci to assign a foimula whcie the 
numbet of atoms in the molecule is small Thus a compound of 
molcculai foimula CH |0 must possess the sliucluic given below, if 

we assume the valencies of C, O and II to be foui, 

£_q_jj. two and one lcspectivcly Ill oUici cases it may 

be ncccssaiy to make a choice fiom sevcia! alter¬ 
natives 

The final allocation of a stiuctuial foimula should be made with 
lefeicncc to the following gcncial considcialiens, based on laboialoiy 
expenence — 

i The possibility of convciting the substance into, 01 of foinnng it 
fiom, compounds of known constitution In this connection it may be 
noted that when compounds undergo double decomposition^ the new atom 
or uxdtoal enteung into a molecule usually takes up the position occupied 
by the outgoing" atom oi radical 1 The stiuctmc of the indteals ex¬ 
changed gcncially icmatns unaltcicd duimg this ptocess 

Foi example, ethyl chjonde, C a II B Cl, foi which thcie is only one 
oossible constitution, is under ccilain conditions tiansfoimed into 
ilcohol, C a II 0 O, by intei action with watei 

CjIIjCl h II a O - CjI-IjOII + IIC 1 . 

Convciscly, ethyl alcohol by tieatmenl with liydiochlouc acid 
egeneiatcs ethyl chlontle 

c 2 ii b oii+iici - c 2 rr 6 ci m 8 o 

Ve must theiefoic assume alcohol to contain the ladical C 8 H S ~ oi 
II 8 . CII a —, already known to exist in ethyl chloude, and consequently 

1 Only in special cases* to be discussed later, does n 11 wandering ** of atoms or ladicala take 
hce See, for example, the Walden Inversion (p 27ft) 
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also the monovalent liydioxyl group 
is allotted formula I below, 

H H 

I H—^—C—O—H 

i h 


Oil Foi these 1 casons alcohol 


II 


II 

II—C 


II 


II 

O - C II 


II 


which is in complete harmony with its chemical bchavioui Of the 
six hydrogen atoms present, one obviously difftis fiom the otlici five 
in its reactivity and the ease with which it is icplaccd by metals or 
radicals Hence this hydtogen atom is assumed to be linked incliicclJy 
to carbon through oxygen 

Consideration of these facts leads to the 1 ejection of the only othoi 
possible structure II for a substance of molccul.u foimula C s lI 0 O 
The latter represents methyl ether, which is isomctic with ethyl alcohol 
Here the six hydrogen atoms aie all seen to be in the same stale of 
combination Foimula II may also be denved fiom the fonnatum of 
methyl ether by the interaction of sodium melhoxtdc and methyl iodide 

H a C ONa + I CII B - ir 8 C O CII fl I Nal 

As a furthei example, the constitution of acetic acid, C may 

be examined This substance is pioduccd by the oxidation of ethyl 
alcohol, according to the equation 

C s H c O+O a = 0 , 11 , 0 , tII a O 

One of the four hydrogen atoms dtffcis m its ptopciltos fiom the 
other three It is readily replaced by metals 01 monovalent ladicals 
and its whole behaviour shows it to be united to oxygen in the foim 
of a hydroxyl group, and not duectly attached to cm bon 

The first step was therefore to wnte acetic acid as C JLOfOin , u «l 
next to determine the structure of the 0,11,0 lachcal I his piolilem 
was solved by Kekultf, who showed that the tluco hydlogons nnisL bo 
attached to one and the same carbon atom, since potassium acetate, 

carbonate P ° tass,llm Vhoxide, yields methane and potassium 

C a H a O(OK) + KOII = CIIj h K a CO 0 

Folnssium neelnto Motliane 

The constitution of acetic acid is therefore assumed to be 

H O 

1 I* 

H—C—C—Oil 


ik 
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compounds is dependent on the common picscncc of outturn LyjHciil 
giouph of atoms Constitution is theiofoic ficquciiLly duuhd b> 
compaitng the physical oi chemical piopcitics of the* substance wit i 
those of a compound of known stiucUuc l^vciy alcohol, foi txdinpt, 
contains the hydioxyl gioup (-“OH), and all compounds which show 
those pi opei ties chaiactcnslic of the alcohols may 
also be assumed to contain a hydioxyl gioup in 
the molecule 

The laige majouty of oiganic acids contain 
the caiboxyl gioup, —COOH, as given above 
undei acetic acid If then piunaty piopyl alcohol, 


II II 


II- 


A 


o 

II 

c 


o 

A 

I’lopuiim, acid 


Oil 


CH S CIT 2 CH 2 Oil, yields on oxidation an acid 

of the moleculai foimula C a II fl O a , the lattci piobably contains 

gioup -COOH and possesses the sLincUual foimula given tibove 


Liu 


In it amo hat la) Rea >) angeme n t 

As aheady indicated, the atom oi ladical entenng a molecule by 
double decomposition occasionally fails to occupy the position of tin 
out-going atom oi ladical, moic paiticulaily if the 1 cacti on Lakes place 

at a high temperature 

Hence some unceitamty attaches to a constitutional foimulti deduced 
by any single one of the methods described mulct I I lie icsulLcan 
only be icgatded as piobable when deuved fiom the consideiaLimi ol 
sevcial diffeient leactions, each of which leads to the s«mie conclusion 

In genetal, a stiuctuial foimula is only accepted as established 
beyond doubt when it has been confinned by synthesis 


The EJleotx’onio Theory of Valency, 1 

Gieat advances have been made in mu conception of valency by 
intetpieting it in the light of the clctlionic Iheoiy, accoulmg to which 
atoms aic built up solely of protons and chcttons A ptoton is a unit 
of positive electncity having cxlicmely small dimensions and a mass of 
1 007 (0=16) An election, 01 unit of negative clcctiieily, is of 
consideiably gicatci dimensions Ilian a ptolon but only abnuL i/i8.|0 
of its mass Atoms, then, being externally neutial boihes, aic composed 
of equal numbcis ol piotons and elections All of the ptolons, wilh 
about half of the elections, aic packed closely togelhci 111L0 a 
small space constituting the atomic nuclein Xhc lemanulei of the 
elections, the niunbci of which gives the atomic number of the atom, 
aic in lapid lotation in oibits aioundthe nucleus and hence occupy a 
much gicater volume than the laLLei These planctaiy elections at innge 
themselves in layeis lound the nucleus, each layci containing n definite 

1 Far detTiled treatmeiu sec G N I ewia on Vahnc# , Sidgvvick> Ihi £/ttUtath f/itoiy of 
Vahnty CChurchiU, 1937) 
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number corresponding to the condition of maximum clcclncai stability 
The chemist, however, is concerned almost exclusively with the oulci- 
most layer, since the chemical piopciltes of the atom, including that 
of valency, depend almost entirely on the numbei and disposition 
of the electrons m the outer shelly which is thciefoic turned the 
valency shell 

Except for the transition elements in gioup 8 and the laic gases in 
group O, the number of elections in the valency shell concsponds to 
the number of the group into which the element falls in the pci iodic 
scheme Thus hydrogen and the alkali metals, Na,K, etc, in the fast 
group have only one valency election, carbon in the fouilh gioup has 
four, nitrogen has five, oxygen six, and chlounc seven In the nue 
gases, from neon upwards, there is a complete oulct gioup of tight 
electrons These atoms can be lepiescntcd diagiammatic,dly .is 
follows — 

H Na C N O Cl Ne 


Ml 


Chemical reactions are supposed to occui owing to the tendency 
valency shells to assume a moie stable ailangcmcnl hoi the majonLy 

of the common elements stability is leached when theie is an onto 
shell of eight electrons (an octet ), for hyehogen and the i.ne gas helium, 
however, the stable numbei is two In the case of elements of gioups I 
and II, possessing one and two valency elections i cspcclivoly, the stable 
condition may be attained by the complete loss of these elections This 
change occurs on ionization and results m the exposme of the mulei- 
lying shell of electrons, which is alieady in its most stable an angcmcnl 
Elements of group VII, on the other hand, may icadily complete then 
octets by gaming or even sharing an electron fiom anolhei atom In 
the rare gases the valency shell exists in a foimation of maximum 
stability, hence these elements have no chemical le.ictivily whalevoi 
Actual combination between two atoms may be supposed to occui 
m one of two ways, both of which were suggested by Lewis 

I Union may take place by an atom completely Lansfcmng one m 
more of its electrons to another atom As atoms me externally nculinl 
groups of protons and electrons, this leaves the fit si atom positively and 
the second negatively charged Combination of this typo is found 
c ie y among salts of acids and bases, and is known as electro-valency 

norm^nf 0 ^! 6 !^ ° I0 ? s may Ie fT aid ed as scpaiatc entities, 

. . ^ ^ °® e er by electrostatic attraction The equation given 

and chW 3 t dectronic chan g C3 which take place when sodium 

" d ‘ h foHowmg formulae clearei, the electrons belonging to d.flc.ent 
atoms are m some cases indicated by diffeient signs 

Na + Cl-^ Na Cl 

Sodium Chlorine Sodium chloride 
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2 A type of valency which 19 of much mote frequent occuucnce m 
01 game compounds is that of 00-valency In this case the two atoms 
unite by holding a pan of elections in common, one being conlubutcd 
by each atom F01 example, the oxygen atom in watci has mci cased 
its sextet to an octet by acquit ing a sliate 111 two othet valency elections 
from the atoms to winch it is linked At the same time each hydiogen 
atom has attained a stable shell of two by shaiing an oxygen election 
In methyl alcohol the foui elections m the outci shell of the caibon 
atom aic laisecl to eight by shaiing with thiec hydiogen elections and 
011c oxygen election Each pan of shared elections constitutes a non¬ 
ionizing bond as commonly picLuicd m 01 game foimnlm F01 simplicity 
of tepicscnlation the elections «uc figiucd as static, but it must 

II 

IlSCoO* II 

OM * * 

n 

Methyl jilcolml 

be lemembctccl that they aic in leality supposed to be in a state of 
tapid motion 

The oidinaiy double bond, as in C = C or C=sO, is legaidcd as a 
double co-valency, tc as fotu elections shaiecl botvveen two atoms, two 
elections being supplied by each A double bond of this type is 
symmelncal 111 stiucluic, and has a plane of symmeby containing the 
double linking 
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3 Anothei and moie teccnlly ptoposed foim of co-valency, 3 the 
development of which as chiefly clue to Lowiy and to Sidgwick, is that 
in which one of the atoms supplies both of the elections 1 equated for 
the union Lowiy and Sugden tcim this type of bond a scini-polat 
double bond (see below), Sidgwick lefeis to it as a co-rndmate link ® 
because he has shown it to be picsent in the co-01 dination compounds 
investigated by Wcrnei This mode of union was fiist applied to 
ceitain inoigamc compounds by Lewis 

In 01 dei that combination of this kind may be possible, one of 
the atoms (the donor) must have at least two valency elections (teimccl 

1 For an alternative formula gee p 356 a A ulnglelor I electron link may also bo possible 
in certain cases, cf Sugden, The JParachot and Valency, p l29(Rcmtledga, 1930) * Sidgwick, 

J.CS, 19-33, 128 , ft 5 
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a lone pair) which are not concerned m union with Any ntht i !'•»* * f 
the molecule, and the other atom (the accepts) must be .»l»h* to t.,Kr 

up two electrons to form a more stable anangciiw.nl . ,l | 1 - ,l ' 
even when m the combined state, possess one 01 mou* of Uu*m* hotr 
pairs of electrons Oxygen m watei has two and niliogen m .immnnii 
or organic bases has one Undei suitable conditions, tin i« . () * ni * 1 N 

in these compounds may function as donot atonn A town 
on the other hand, has a valency shell of six elections (two It 1 ♦ Hum 
the stable arrangement) and may play the pail of an aut/>lot nt m 
Thus m tnmethylamuie oxide, (CII a ) 3 NO, the hvo niliogi'ii <lutn*jn 
which were unattached m trimethylammc aic snppostd to In sli »rr<l 
with the oxygen Sidgwick reptesenls this kind of linking l>y a 
arrow, eg N ->0 The single line indicates that it is <i link formr*! 
by the sharing of two elections, and the chicotion ol tho anow ^li«o%'i 
that both the electrons are provided by the nitiugon alum 
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An arrangement such as this ncccssanly implies Mini tin* mnlts nSr 

has developed polarity The nitiogcn atom becomes posilivt ly i liaij./ d 

owing to two of its electrons being less in its pioMimly Ilian (in mmii« 

to the union, and the oxygen atom becomes negatively iliaigi d, ii.nni}; 

two additional electrons m its outci shell f owry, who fiisl jhhjim <*I 

the above electronic formula for the amine oxides, a tit si ulu s tht* hukiuu 

between N and 0 as a semi-polar double bond, sum it may lit 11 garth *1 

as being composed of a normal co-valcnce togclhi'i with an elulti* 

valence This is expressed in the adjoimng ftunuila, m 

which the upper bond indicates a co-valence (two shai i tl 

electrons, one from each atom) and the lowci half ailow 

represents an electro valence, an election having bun 

completely transferred from N to 0 The net result 

is the same as before The oxygen atom, previously 

having a shell of six electrons, has now gained a p.ut shair m two 

more, supplied in effect by the nitrogen atom Iho cloth unit ftii itutlu 
is thus the same as that given above 

If the older formulation of the ammo oxides, (( II 0 ), t N 
assumes the presence ofa normal double bond, lslianslatod into 
the electronic formula, the nitrogen atom must bo tcptesoiilotl . 
as having a valency shell of ten elections Such an ai iangt. ' 
ment is unstable The new formulation, on the othci hand, 
preserves the octet, which is the stable anangcincnl for mliogi u 

Whlifisf' Th ElKtrme Thm * mnc *> P 116 M owry, J„im ' la>a,ln> Atv , 
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According to modem views, the union between N and O in the 
amine oxides does not possess the pioperties of an 01 chinny double 
bond, although until lecenlly it was always wiillcn as such As 
will be seen latci the new foimulalion has since been justified not only 
on steieo-chemical gtouncls (p Cl) but also by the evidence of Sugden’s 
patachoi (p 8l) bugden has shown that most of the double bonds 
commonly encounleied in oiganic foimulte aic liuc double co-valencies, 
but that the nitio gioup, —NO„, only appeals to possess one tiue double 
bond, Logcthei with one senu-polai double bond (01 co-otdinate link) 


NiUobenzene should theiefoic be wutten as C 0 II 0 —N 




O 


A pcculianly of the co oichnate link, accoiding to Sidgwick, is that 
it is not subject to the numeiical limits of valency typical of the pci iodic 
gioup to which the element belongs 1 In this it clideis fioin the electto- 
valcnl bonds 

Although co oidinalc links occui less ficquonlly in oiganic com¬ 
pounds than simple co-valcnl links, they appeal to be icsponsiblc 
foi the foimation of co-oi dinalion compounds and foi many cases of 
molcculai association 


Fiom the foregoing pages it will be seen that the usual foi mill,c 
of the oiganic chemist aic 1 caddy It an slated mto elcctiomc foimulse 
by lcplacing each single non loni/mg bond by a pan of shaicd elections , 
each ionizing bond by the liansfei of an election, and each double 
bond by foiu shaied elections, except in cases whcio a co-oidinatc 
link 01 semi-polai double bond has been shown to be pi esent 


ir — STBREIO OHBMISTJIY 3 

Wheieas the thcoiy of stiuctuie beats only of the sequence and 
mannci m which the atoms aie linked logcthei within the molecule, 
stcico chemistiy concerns itself with those chemical phenomena which 
aie dnectly aliiibitlablc to Hie eonfiguiation, 01 disposition of the atoms 
in space I hat type of isomciism which involves substances of the 
same constitution, but diffeicnl eonfiguiation, is called stereo-isomerism, 
and the substances ate known as steteo-tsometides 

Fiom the histoncal point of view, sleieo-chcmistiy lias developed 
logically fiom the thcoiy of stiuctuic At first it was found possible 
to explain the numbu and piopcitics of almost all compounds of similar 
moleculai foimula by assuming a diffciciice of constitution One by 

1 ITydrogeni e^nmplcj m«ty under cerium condHIona exhibit a vnlency of two* Sco 
dao Lowry and Hurgeaa, J C S % 1933, 120, am 4 See A W Stowarl, $iato-chtmtstop 

(Longmans), IlnnUsch, Gumdtts* der 3 ud cduion^ I cip/ig, 1901, Werner, 

Lthi buck det Sie* eochemU) Jena, 1904 P Walden, luinfxxg Jahrt Sin cDchcmmhcr fthn and 
Po)settling) Ber , 1925, 58 , 237 G Wildg! SUtmAwu (1930) 
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one however, cases of isomerism wetc discovcicd which could not ht 
explained oil the ground of structural chssimilmiLy, and these wu. hu 
a time classed as "physically isomcnc substances/* without any itas.m 

being assigned for the isomei ism 

Stimulated by the work of Pasleut and Wishconus/ a sit no 
chemical theory of the isomerism of optically active compounds was 
developed independently and almost simultaneously in 187,1 by V.111T 
Hoff 2 and Le Eel Since then many investigator have madt valuable 
contributions to this subject and none moie so than hmil hist lit 1, in 
his brilliant researches on the sugars 

The stereochemistry of nitrogen has similaily lx in advaiutd hv 
the work of Hantzsch and Wernei,Le Bel, l*opc anti Peachy, With kind, 

Mills and others 


1 Stereo ohemistry of Carbon 

According to their behaviour the stcico-isomciic cm bon compound* 
may be divided into two groups as follows —• 

A Substances which are identical in all then chief piopinlits, hui 
differ in their "optical activity" 01 action on pokuiscd light, whui 
examined in the fused state or in solution Such compounds me Its mul 
optical ieomerldes, optical antipodes ot enantiomorphs, and with few 
exceptions contain within the molecule at least one asymuu h ft cut I'm 
atom iff footnote i, p 35) By this icun is untlci stood a taihon itlout 
whose four valencies aie united to foui dijjcicut monovalent alum* 
or groups 

B Substances which, having the same sliuctuial founuia, diflei m 
all their physical and many of then chemical piopeities, hut e\trl 
no influence on polansed light These aic compounds containing 
double or triple bonds, and are generally descubcd shot tly as geometrical 
isomerid.es Many of the satuiated cyclic compounds also exhibit lln^ 
kind of isomerism (See cyclohexane senes, p 461 ) 

In their original publications Van’t Hoff and Lc Btl showed that 

both of these types of isomerism could bo explained on the assumption 

that the valency bonds wete anangcd in thicc dimensions mound the 
carbon atom 


A Optical Isomerism 

According to Van’t Hoff’s fundamental hypothesis of slotco-chomisliy, 
the four valency bonds of the carbon atom me imagined to be d 11 octet! 
towards the summits of a regulai tclrahodion, at the ccnUo of which 
lies the atom itself It is easily seen by icfeicncc to figutes 3 and 4® 

Wislicenus, Ami 1873, 167, 343 a Vnn't IIofT, J hi Aitiingtmint of Atoms tn Sfatt, 

»ns ate by A. Ellcmt (Longmins-) 3 Por the ankc of cletu ness the carbon atom, which hr 

supposed to lie at the centre of the tetrahedron with Ha bonds directed towards a, 6 , e nnd tf, 

** ,?™1 * '* 1 9 6 l*' lce forronlae The letters a, i, e, d t represent tho four different atoms or 
radicals attached to Iho aaymtuQtric atom 
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that a substance of the type C abcd> in which a } h> c and d fuc fom 
diffcienl atoms 01 gioups, can assume two diffcienl configiualiens which 
me not supet impossible A cat bon atom such as this is desctibccl as 
asymmctiic 

One confirmation is a mutoi-tmagc of the olhet, and the diffctcncc 
between them is comparable with that existing between the light hand 
and the left This enanttomorphzstn oi mu 101-image lelationship of the 
molecules is icpcatcd m the optical and ciyslallogiaphic piopcitics of 
the substances, but m most icmaining physical and chemical piopcitics 
the compounds aic identical Stiuctuial figutes such as 3 and 4 % 
cxpicssing the spatial miangcmcnt of the atoms, aic called space 
foimuke, and llluslialc the fact that the molecule of an optically active 
compound possesses no plane of symmeti y 



Fig 3 V10 4 

In studying 1 stcico chemical problems it is advisable not only to visualise the 
sp'ice formula? indirectly on the plane of tile pipe*, but also directly by use 
of space models as devised by Kcluild, Van't Hoff and otheis Ilie simplest 
type of model is that m which the four valency bonds me icprescnled by four 
pieces of lubber tubing, connected togeiliei at one entl> and duccted lowiuds 
the corneis of a legular tctrahcdioii Colouicd balls attached to the tubes by 
rods lepiescnt the diflfbicnt gioups 

VanT lloffs thcoiy of the caibon atom is suppoilcd by Biagg’s 
X-tay analysis of the structuic of the chamoucl, 1 in which the cat bon 
atoms ate found to be united by tctmhcchally diicclcd valency bonds 

In its main essentials Lc Bel's thcoiy agiccs with that of Van't Hoff 
Le Bel, howevci, makes no assumption icgaiding the gcometiical 
auangement of the valency bonds m space lie states that molcculat 
asymmcliy will ncccssauly exist if the fom diffcienl ladicalsaic anangcd 
in space aiound the caibon atoitij whatevet may be the gcometiical 
foim of the molecule In this jespeot Van't IloiPs ideas accoid mote 
closely with latci developments of stctco-chcmistiy 

Certain inorganic substances (ejf sodium chlomte) arc optically aciivc m the 
ciystailinc state 7 his is due to the molecules being anangcd in an asymmctiic 
lmnnei within the crystal and the activity thciefore disappears when the crystal 
passes into solution The optical activity of caibon and other compounds In solution 
is a consequence of the asymmetric anangement of the atoms in (lie molecule* In 
some cases the crystals of such compounds also possess optical activity 

1 W II Bmgg, /V0* Roy Soc , 191:3, fig A, 377 

C 
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Compounds containing one Asymmetric Caibon Atom 

As alieady indicated, the most stiiking difference between isomcis 
containing an asymmetric carbon atom lies in then optical activity in 
the liquid or dissolved state To evciy active compound lotating the 
plane of polarisation through a certain angle in a given dneclion, theic 
corresponds an isomende which, otherwise identical in piopeities, 
rotates the plane of polaiised light to the same extent in the opposite 
di tection 

The two enantiomoiphs diffei only in sign of lotalion, and aic 
thetefore teimed optical antipodes They are distinguished aibitianly 
as dextroiotatory and laevorotatory modifications, 01 moie commonly 
by pi efixing the letters d and /- {01 -f- and —) to the name of the 
substance, eg, d~ and /-lactic acids 

If equimolccular quantities of the d - and /-foims of a compound 
are mixed with one another, a product is produced in which all optical 
activity disappears, owing to the mutual or external compensation of the 
two constituents Inactive products of tins type aie called lacennc 
compounds or mi&tmes 1 and are usually distinguished by the piefix 
r- or dl- When crystalline they aie frequently definite compounds 
having double the molecular weight of the d- or l- foims In the fluid 
state 01 m solution laccmic compounds exist as a mixtuie of the 
7-form in equilibnum with equivalent amounts of the d- and /-modifi¬ 
cations, thus lecallmg the behaviour of double salts 2 By methods to 
be descnbed later it is possible to resolve these racemic compounds 
into their active components 

A few raie cases have been observed, notably in the camphoi senes, in winch 
no definite compound is produced) but the two optical enantiomoiphs form mixed 
crystals with one another, the product being teimed a pseudoiacumc mixtuu 3 

A typical instance of a compound containing an asymmeluc caibon 
atom is lactic acid, H a C CH(OH) COOH, which occurs in two optically 



Pig $ Fig 6 


active modifications and an optically Inactive or racemic foim The 
two optical antipodes are related to one another m the mannci shown 
m Figs 5 and 6 

5 The name Is derived from racemic acid, the first represent-ilivc of this chss to be observed 
a Racemic compounds ire not necessarily «»>(5/<!/</vd!ssociated into (lie d- and 1 forms in solution 
Cotton has shown that on mixing equimoleculnr solutions of copper d and l (artntes, dissolved 
in alkali, the colour at once deepens, thus indicating compound formation (Am CAtm Phys , 1896 , 
P, 347 » 7V<w Pmadety See,, I860, 377)' s See Pope md Read, / C S, 1913 , 108, 1515 
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The following additional examples may be mentioned, m which the asymmclitt 
atom is indicated by heaviei type 

Malic wui, coon oii(ou) cn a coon 

Atpaiiginc, COOII CII(NH a ) GII„ CONI!,, 

Mandehc acid, C 0 II & 011(013) COOII 

Chloro-bromo-fluoro-acetic aud, (GlUiF)G COOII 

II a C_CII, 

Coniine, II 2 C<^ ^>NII 

IVC no C B II, 

Each of these compounds is known m two optically active foum 
and an inactive laccinic foim 

It can icadily be. demonstialcd that the existence of these' 
isomeiiclcs, like the piopeily of optical activity itself, is dependent 
on moleculai a&ymmctiy With the dcstiuction of the asymmctiy of 
the cai bon atom—foi example, when a molecule of the fot inula C a bed 
is convened into C abc % —both optical activity and isomeiism dis* 
appeal 1 I bus the 1 eduction of cithci of the optically active malic 
acids, IIOOC CII 2 CII(OH) COOH, leads to the foimalion of the* 
same inactive succinic acid, IIOOC CII a CH a COOH 

Compounds wtth two ot mot e Asymmetric Cm bon Atoms 

As the numbci of asymmctnc caibon atoms in a compound becomes 
giealci, the numbci of possible lsomcudcs incicases lapidly Itt 
genet a!) a compound of unsymmeti teal sit tut me containing n asymmett it 
cm bon atoms can oust tit 2” tsometides, made up of a numbci of pans ol 
mu 101-image fonns possessing equal aud opposite lotations This 
gcneial statement postulates a sLmcluial dissinnlauty between the 
asymmeluc atoms involved, if this is not the ease, and the molecule* 
is symmctucally built, ccilam of the asymmctnc atoms will be 
stiuctuially alike and consequently some of the possibilities of 
isomeiism will vanish 

It is only feasible at this stage to discuss the isomeiism dependent 
on the picscnce of two asymmctnc atoms within the molecule 
Examples ol gicatei complexity, such as those offcied in the sugar 
senes, will be examined later undei then lcspcclivc headings 

As aheady staled above, compounds containing two disslmtlm 
asymmctnc caibon atoms ate capable of existing m 2% 01 foui, optical 
isomcndes, made up of two pans possessing equal and opposite 
lolaloiy powci, to these must be added the two (inactive) ldccmic 
foims This can be deduced in a simple mannci by distinguishing 
the two atoms by the lettcis A and 13 , and then diffcieni spatial 

1 lho&c compounds uhicli contiln asymmetric orbpn ntoms form, in some respects, a 
apccnl chss of subslnm*cs in whidi the BpntmJ 'irrungement of the Horns within the molocillu 
is such Chut no plane of symmetry is present Such compounds must occur in two modifict 
tions, the spice formulm of wlm.h me miiror images of one mother* As Pasteur first locognlacd 
they are distinguiahcd by enantiomorphous crystal structure and optic \\ activity of contrary sign 
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configurations by the signs + and ” We have then the following 
active compounds 

i + A 2-A 3 t A. 4 — A 

+ B - B - B 4- 13 

An example of this type is dibromo-cinnamic acid, 

C 0 II 6 CHBr—OHBr COOII, 1 

which is known to occur m fout active as well as two laccmic fotins 
Compounds possessing two asymmeliic but slmctuially sumlai 
carbon atoms, of the geneial foimula C alt —C n!)(t> exist in Chice diffcicnt 
configurations, two of which are optically active antipodes, the olhei 
is represented by an internally compensated stiucluic and cannot be 
resolved into active components (see p 39) In addition, the two active 
enantiomorphs may unite to pioduce a lacemic foim 

The different modifications can be denved in a mannei similai to 
that shown above, by placing A=B, in which case configui ations 3 and 4 
become identical 

i+A 2-A 3 1 A 

■f* A “A — A 

The substance represented by 3 is optically inactive, despite the 
presence of two asymmetric complexes, owing to the activity of the 
one group being equal and opposite to that of the othci In othei 
words, it is internally compensated Compounds of this type aie also 
described as t - or meso- forms This inactive and non-rcsolvablc fonn 
cannot occur in cases wheie theie is only one asymmetne atom picsont 
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m the molecule, and is to be distinguished ciuefully fiom the inactive, 
externally compensated, laccmic type which by special methods can be 
resolved ot scpaiated into its optically active components 

One of the best known examples of isomci ic compounds containing 
two similai asymmcluc atoms is found in the dihydioxy-succimc acids, 
HOOC CHOII CIIOII COOH, which have played a conspicuous 
pait m the hisloiy of optical activity In accoi dance with thcoiy, these 
exist as dcxlio , laevo-, and t- 01 meso-tailauc acids, and in addition 
as laccmic acid, which has double the molcculai weight of the above three 
foims, and is pioduccd by union of d- and /-laitanc acids The dextto- 
and lacvo-acids aic optical antipodes, whcieas mcso-lailanc and tacemic 
acids aic inactive As shown in the fotmulse at bottom of picvious 
page, lacenuc acid is icsolvablc and meso-tailauc acid non-icsoivablc 
The lack of optical activity in meso-tai Lai ic acid is also 1 cvcnled by the 
fact that the molcculai fo until a (sec Fig 9) possesses a plane 0/ 

1 e, a plane dividing the stiucluic into two halves beating the iclalionship 
of object to mu 101-image 

Racenusatton 

It should be noted that many optically active compounds become 
nioie 01 less completely inactive undei the influence of heat 01 chemical 
icagents, a piocess known as > acennsatton In this way nf-lailauc acid 
when heated with walci is liansfotmcd into a nnxtuic of taccmic and 
incso-tai tai ic acids 

A numbci of olhci acids such as aspai tie, mandelic and camphotic 
acids may be conveilccl into then laccmic foims in a similai way 
Some compounds (hmoncnc, pinonc, amyl alcohol) lose then activity on 
being mciely heated to a sufficiently high tcinpciaUue, olheis (taitanc 
acid, mandelic acid, amyl alcohol and many amino acids) aio icadily 
lacomised when heated with aqueous alkalis, m still olhci eases 
(hmoncnc, rt'-vale 11c acid) sulphunc acid is an active catalyst 

In a few instances the optical activity has been found to disappent 
spontaneously in the corn sc of time at the oidinaiy tempeiatuic 
Walden discovctcd that cstcis of opliCLilly active btomo-sucemic and 
phenyl-biomacetic acids giaduully become inactive dunng the lapse of 
scvcial ycais This is known as auto-iacemisation It has lcccnlly 
been shown, howcvei, that no lacemisation occuts m these cstcis if they 
aic completely heed fiom liaccs of hydiohiomic acid 1 

Raccmisalion appeals to be due to the occuiiencc of some kind of 
molcculai change undei the influence of heat 01 a suitable catalyst, as 
the lesult of which an asyminetuc molecule A exists tcmpoianly m 
cqiulibiium with an isomeiic foim 13 (01 a simple dciivalivc Lhcieof) 
which i& not asymmetnc in stiucluic The optically active (say, 
iZ-iolatoiy) compound A is ihciefoic undeigoing constant conveision 

1 R Kuhn and T» Wngnor-Jaiiregg, Natunmssimehaft^ 19291 ^03 

C 2 
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into the inactive substance Ii I he molti ul< *i til A h j ;t m latid lx ,u is 
by the equilibinim pioccss will, howevu, lit tnmpo mI • I m * ( u * 
mixtuie of d- and /-totaloiy founs, snue in gintial tin n i< nn n a > 


'd A) 

JA —-•> It " 1 d/A 

x VA J 

Asymmetric SjmmtUit iit Kim unit 
(active) (inactive) (mmiIihK 


why one mm01-image isomciidc should lx pioduttd tit iMi •! if* 
othci In the end, thcicioie, the whole of the at tivt l«*i in A i. i«mrri« t! 
into the laccmic compound dl -A 

One of the best investigated cases of ounmisalniu i< tbit *<| nptn uH 
active acids in the picsence of alkalis It was mm;< t« d b\ loi.su, 
(Brit Assoc Rep , 1904, p 211) that the iu< cnus,ihon ol inanth hi o» s S 
under this lieaimenL look place accoidmg to tin si lit no 
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This paiUcuIai mechanism can be applnd to all innh hi who Is 
the asymmetue atom has a hyd logon atom nit,u hid to it and isuipo * 
the a-position to the caiboxyl gioup The asj intm tiy of llu molt t ulr t 
then deslioycd by the hydiogen atom imgialmjr t" llu Jo lo»m m 

as in the unstable mtcimcdialo phasi Jo nj;m tin m witb* tins 
hypothesis, McKcn/ic 1 has shown that phrnj ] /> to]) I an In and 

C 0 I:[ 6 V J 

CH C II 1H »cachly muimstd |»y alkalilint Hut atr** 


lactic acid, ° fi ^C(OII)~COOH, wlml 

■ JL x g 

atom attached to the asymmetue C-ato 

somewhat dllTeront example is Unit 
C 0 H e . 

CH,—COOII, which is al> 

s 


Inis no labile bjdr»*t*rn 

lemaniM nnaffutid \ 
/•f-pbeuyl bnly 1 a m nl, 

to undeif'o the above 


tautomer,c change, but since the asynnnet.u |„ lhr 

IrSe 1 actfvn S ° , d ° C ’, n0t <l r U “ y lhc ' ,S J' I "" U lf >' 1 1 " • nt-nl , 1 -i , 

”° d , „r a’ “ ™‘ y "’ 1 “" Ixfttod will alkalis 1 1 „ , .. . 

igai senes (efitmetisatton) when healed with (inniolme !■» 

“ ton .. . 

ffioimi?^ h ° vvevcr * P° mls oul that the dnut union of * „he,u I 
gi°«p to the asymmetric atom ,s a second factor making for case?J 

c ewe, J C y, 1915, 10 V, 704, 1919, 110, 603, VVlcil, ibht , |y|H, 110, 3,0 
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lacemisation tn acids of the above type 1 The lcplaccmcnt of the phenyl 
gioup by an ailcyl 01 even by a ben/yl taclical stabilises the molecule 
lowauls alcoholic potash Thus the following acids aic not lacemised 
by this 1 eagcnl, although they contain ui the a-posilion an asymmetnc 
atom attached to hydiogen 


Oil 

C 0 II a CH, C COOII 

II 

Plienyl Relic acid 


Oil 

CII a C COOII 
II 

Lactic acid 


Similai considetalions may be applied to othei classes of optically 
active compounds Sccondaty aliphatic alcohols of the foimula 
R CIIOH R, foi example, in which Ihcic is no possibility of a tan to- 
mciic change of the above type, aic known to be stable to alkalis, 2 
wheicas active ben/om icadity loses its lolaloiy powet In the laltei 
compound inactivation may occut by the following pioccss 


C„II 6 CIIOII CO C„II 6 

Asymmetnc 






C.,11 


ii s 


C(OII) = C(OII) 

Symmetiiol 


an 


5 


III the cases of cslcis composed of an optically active acid combined with nu 
active alcohol the process of mccmisation may lead to a curious lcsull McKon/io 1 
has shown that when /-mcntliyl d phcnylcliloiacetate is Heated with n few drops of 
alcoholic alkali (insufficient to pioduco complete hydiolysis)a mixUue is obtained 
containing / menthyl / phenylchloracetale and l mcnthyl d phenylchlon.cetntc, having 
the foimct in excess This is tcmicd arymmtnc catalytic racemuaiion } and is 


explained as follow 
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In the Insl twro stages the presence of the optically active gioup R bilngs about an 
asymmetnc synthesis (see p 46) giving an excess of the t acid stiuctuie 


Resolution of Racemic Compounds 

Compounds containing asymmetnc cat bon atoms, which have been 
picpatcd synthetically by methods not involving the use of any active 
substance, ate nevei found to possess optical activity They gcncially 
confoim to the mccrnic lype, since in such a synthesis thcio aic always 
pioduccd cqmmolcculai amounts of the clextio- and lacvo-iotatoty 
foims On the othei hand, asymmetnc compounds ptothiccd with the 
mediation of living organisms aic almost mvanably active 8 

1 A McKcni'le mid Miss I A Smith, Bt> , 1923, B8, 891 « Tickird nnd Kenyon, /Ci, 

1911,00,62 B 1'urthcr inforumtlon concerning tho nbility of vcgclnble organisms to sited 
disect syntheses of optlcilly aedvo coinponmls will be found in n jin|>er by 1 « bischci, Bet , 
1894, 2 * 7 , 2031 If a chemical synthesis is effected with the intermediate aid of tin optically 
active substance which is subsequently removed, the product itny on occasion also exhibit activity 

By means of such asymmeh ic syntheses (p 46), It w possible to imitate (he processes of tho living 
agency 
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STUB eo-chem is'J'it y 

Notwithstanding modem icsc.uch, tlm mc'lhml. ongm.illy mini 
duced by Pastern foi the resolution of mu mu tompmiml. inUt tin « 
optically active component <5 have nuclei gone t omp.u.tf i\1 1 \- huh 
extension The following me the methods at j»<sc nt u\.ul.il>U loi this 

purpose , , r . 

(a) Meckanaal Sepmatmi of the Ojtstah In - l n*w instances 1 1 . 
possible, by allowing a solution of the laccnm nuMuic to ii>si.illiM 
under ceilam conditions, to obtain the two enantumiuiph, chpositnijc 
individually—provided they have no tcndi'iity to 1mm iiiimcI <i> -tali 

If, in addition, Uicciystah possess chamctuislU cliikitiuc u>flln uatuu 

of hem lhcdial facets oi stilations, it may be possible to -epaiate tlu in 

by hand 

Thia method has n voiy limited application, 1 suin' lh< uydidlmtmn of 
mechameally separable cnmuiomoipliom forms 1ms htn\ obsnuil in wiy tr* 
cases It was first utilised by Puslcm in l8|B to n solve lauimt in ul {, ii 
crysmlli$ing the sodium ammonium salt of ntLemit. atul at u UnijMiaimo bHow 
37°, it deposits in the fonn of Iho coricaponding salts rtf eit vlio uml In vo luiiam 
acids, d and / NaNIIj CjIIA \ ^II a O, the uyslnls lm\o ditfeiuu brmilmdntl 
facets and may be scpaialed from one another by hand If tlu i iysiitlli*Mtnm ii 
allowed to take place nt n tompernUnc above 37 ”, the hxtmtium (t mfitintiOi * tlrno 
separates out unchanged sodium ammonium mcomatc (NnNII| ( \ lljt >}j 

A mochhcation of this method has been devised by thlinniw'dciisky,^ ssho 
showed that siipersabiratod solutions of the r/ifcompounds, on seeding tt{ ^ 
a substance which is isomorphotis or iHodimoiphous with the desim! on tnunmmpli, 
can be made to deposit that form exclusively, the othm muaimug in snlulitm 
The success of this method of separation is entirely independent at llm prtsrntr i*f 
ojt asymmetric carbon atom m the substance with wlmh the snbitinn h ^tedrd 
Optically active asparagine, foi example, may be precipitated fimn a supei iiiiuraltd 
solution of 41 aspaiAgino by tho addition of a ciystal of glyune, wbUli U ih^lf 
inactive 

(b) Resolution by the Biochemical Method ~W\v\ kcuikI nulhnd uf 
Pasteur Is based 011 the cltscovciy that when lawn tiigaiiiHiUH, ^tuh 
bactona, fungi or yeasts, aie allowed to giow in a solution tonlamin^ 
a racemic compound, the two cnantiomoiphs *uc dtsLioyud at rliffi uni 
rates (selectively assimilated), so that an excess of one of tho ailivc 
forms adciimulales m the solution s thus Pasleui found Uml whvn 
fetiictlhum glattmm was cultivated in a solution of ammonium nuunalt, 
the d tartrate was preferentially clcslioyccl, leaving a solution of 
ammonium /-tartrate In actual piactice this method is only of use 
m comparatively few cases 

Her the resolution of Jnctic ncld by tbs moans, aoo Piirdlo, / ( S» iHtj^ 0», tin 

Oslromiselcnsky, Btt , T 90 S, 41, 3035 3 a rcl ilionshlp ihorcforo e\inl& bciwttrt ph)^lit 

Jo£i«ttl activity awl Iho configuration of chemical compound! Fmll 1 iacliu Jinn »lnmn tin* 
n uence o eatinguradon on the EibllUy of the monosaccharide# to undergo alcoholn furmcn 
talton {Jit) , eS 9<> 27, aojs) rtnd on the enzymatic hydrolysis of ghicosiilos (lpih n| mitfpmlci* 
frequently iliffer In their action on the animal organism /Nicotine, for cxumt>!», i* m»io 
poisonous than its eunnllomorph (Pictet and Rotschy, Bn , 190 ), 87 , 1333 ) 
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(c) Resolution by Means of Salt Formation —This method depends on 
the following principle When a laccmic acid A is combined with an 
optically active, eg lacvoiolaloiy, base B, two salts aic fonned, namely 
(/-B, l- A) and ( 7 -B, d~ A) As may icadily be been by lefcience to 
space models, these salts aic not cnanliomoiphous foi ms, being pio- 
duccd by combination of the same laevo-base with acids of opposite 
lotation In geneial, thciefote, they will possess diffcient solubilities 
and may be sepaiated by factional ciystallisation Fiom the individual 
sails it is then possible to obtain the two active acids Foi example, if 
a solution of lacxmic acid be salinated with the optically active base 
cmchomcinc, the fiisl salt to ciystallisc out is cinclionicine Mai bale, 
on the olhei hand, by employing the base qiunicinc the salt of the 
d -acid is the fiisl to sepaialc fonnilaily by union with an active acid, 
a lacenuc base may be icsolved into its d- and /-foims The method 
may be extended to the 1 evolution of any wicennc compound which 
will unite with acids 01 bases In lilts mannei the gicat majotily of 
lcsolutions have been effected 

In cettnin cases a complication arises owing lo lire t acid combining, foi example, 
with a O'-base to fonn tho salt (d base, 7 acid) in addition to the nioie usual mixluio 
of (r/base, 7/acid) and (i/base, /acid) A salt of the fiist type is teimed a 
partially rnoemlo oompound (Ladiubtttg) 

(d) Othei Resolutions by Means of Active Substances• —The two 
components of a lacenuc acid have been shown by Maickwakl mid 
McICen/ie 1 Lo esteufy at diffeient iatcs with the same active alcohol 
Employing an excess of the mcemic acid, the uncslenfied acicl at tho 
end of the leaclion was found to be optically active When foi 
example 7-mandche acid is incompletely esteiifiocl with /-menthol, the 
uncombmul tcsiclual acid is laevoiotatoiy 

Optically active substances appeal in geneial to leacl with pci- 
ccptibly diffeient velocities with the d- and l~ foi ms of a compound, 
paiticulaily when the com sc of the icacUon depends in high degice 
on the constitution of the icagent& A icacUon of this type is amide 
foimation, which has also been applied to the icsolution of laccmic 
compounds 8 

Anothei lecctil method of icsolution is that put fonvaid almost 
simultaneously by Eilcnmeyci, jun , B and Ncubcig 1 Accotding to 
Eilenmcyci, a laccmic base may be lesolvcd by bilnging it into 
icaction with an active aldehyde In this way active condensation 
products turned anils aie fotmed, which aic sepaiable by fiactional 
ciystallisation The active base may then be legcncialcd ftom tho anil 
by hydiolysis with acids 

Racemic alcohols have been icsolvcd by Pickatd and Kenyon® by 

1 Mftrckwnld and McKeivIe, Jht f 1901 1 8Jt f 469 J Marckwnld and Mcll), ffot 1 190$, 
83 f Sox, 3 Lrlcnmeycr, jun, Anit iy I904J 88*7, 307 1 Ncubergi Btt * igoi, 80 , irga , 
88, 868 Pickard md Kenyon, / C S', ign, t)t), 45 
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combining them with the anhydnde of a sltong dibasic acid (succinic or 
phthahc acidj to form acid esLeis Foi example, 

/\/ C °v /x/ COOC s H ir 

C a H 1? OH + ( j yo —y f J 

X CC> \cooii 

(r//-Octyl alec hoi) Phthnlic d- and / Octyl 

anhydride hydrogen phtlnlates 

The racemic acid esters {eg octyl hydrogen plithalatcs) thus obtained 
are monobaMc acids and can be lesolved by use of an alkaloid, usually 
brucine, after which the individual d- and Aestcis can be hydiolyscd 
to give tho optically active alcohols 

Conditions for Enanttomorphism 

A general condition for the occuucnce of a compound in optically 
active forms is that the molecule should exist in two mu 101-image 
structures which cannot be superimposed one upon the olhei In oidu 
that this condition may be fulfilled, it is not essential foi the molecule 
to contain an asymmetric atom in the stncL sense of the definition given 
on p 32 A compound possesses the possibility of existing in cnatUio* 
morphous forms provided * that the configuiation of the molecule In 
devoid of (*) a plane of symmetiy, (2) a centie of symmetry and 
(3) an alternating axis of symmetry 

Plane of Symmetry —As has already been stated, the space foi inula 
of a compound containing an asymmetric carbon atom is without any 
plane of symmetry A simple example of a substance containing no 
asymmetric atom* but for which it is possible to biuld up two mmoi- 
Image and non-supertmposable stiuctures, is furnished by allene 
derivatives of the following type Van't Hoff picdictecl that these 
compounds should exist in optically active foi ms 



If we*Imagine the"terminal group XYC (1) to be m the plane of 
the paper, then owing to the tctiahedral anangement of the caibon 
valencies we must represent the double bond between (1) and (2) a** 
lying in a plane at right angles to that of the papei The bond 
between (2) and (3) will then be m the plane of the papei, leaving 
X and Y (3) disposed, for example, with X behmd and Y in fiont of 
the plane As a result of this ^^-arrangement (see also spuo* 
compounds^ p 51) the structure possesses no plane of symmeliy and 
Cannot bo superimposed upon its trmroi-image So fai, howevci, all 
kttempos to lesolve simple compounds of the allene type have failed 

1 See T V Barker md J E Marsh C S , 1913, 103 , 837 
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The fust successful lesolulion of a compound containing no 
asyinmeli ic atom was accomplished by Pci km, Pope and Wallach 1 (1909) 
in the ease of i-mcthyl-cyclohcxylidenc- 4 -acctic acid By lcciystailising 





the biucinc salts of this acid fiom aqueous alcohol it was separated 
into two acLivc components Ileie also the molcculai foimula lias no 
plane of symmetiy, and two non-supeiposable mmoi-image stmclures 
may be built up 

Centre of Symmetry—Intel esUng examples of a new class of 
inactive and indivisible compounds weie discoveicd among the tians- 
dikelo-hcxamethylcnes (Ladcnbuig) and the r/< 7 «.r-chkelo-pipeiazincs 
(Fischci) If in the annexed foiinula wc assume the 6 -membeicd lings 



/>rt;«-Djmethyl-diketohexameihyIcne 


to lie in the plane of the papci, then the similai ^/tf/w-substituents 
(eg CII 8 ) must be disposed one behind and one in fiont of this plane 
These compounds each possess two similai asymmetue atoms, but arc 
not of the tme meso type since thcio is no plane of symmetiy Ncvci- 
thclcss, cxpei iment has shown that compounds of this kind cannot 
be 1 csolvcd into active components 1 he ical cnteuon of asymmctiy 


CII 


3 

H 



C 


/ 

\ 


CO 


NH 


\ , 11 


NH 


CO 


Jnvts Dimethyl chkctopjpcrn/mc (ninny! anhydride) 


is the configuialion of the molecule as a whole, and not the 1 elation ship 
existing between two 01 moie atoms within the molecule On building 
up the mu 10)-image of one of the above stiucturcs it will be found to be 
identical with the anginal, time is theiefoie no possibility of optical 
isomensm A close inspection of the foimula: shows that they all 
contain a centte of symmetiy, le a line diawn fiom any gioup to the 
ccnlic of the molecule (middle of the ling) will, if ptoduccd fui ther, meet 
a similai gioup 

The existence of a ccnlie of symmetiy is tliciefoie sufficient to 
destioy the possibility of optical isomerism Ladcnbuig dcscubed 

1 J C s, 1909, as, 1789 
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the case of ^rawr-dimclbyl-dikelohexamcthylcnc as one of pscudo- 
symmcliy 



Cts Dimethyl diketopipenme 


In the cvj-compounds of the above types theie js neithci a plane 
nor a ceniie of syminetiy The c/j-dikclo-pipeia/ines have been found 
to occui in optically active forms 

Alternating Axis of Symmetry — Compounds possessing an 
alternating axis of symmctiy aic such that on totaling any atom 
01 gioup lound the axis thiough an angle of 90°, it will, on being 
leflected acioss the houzonlal plane pcipendiculai to the axis, come 
into supeiposition with a conesponding atom 01 gioup Similai atoms 
ot gioups alternate successively above and below the plane of leflcction 
and the molecule can be supei imposed on its mutoi-imagc This type 
of symmetiy is laiely met with It occuis, foi example, among ceitain 
substituted cyclobutano denvatives, m which the alternating axis of 
symmetry is pcipendiculai to the plane of the ling and the lattei 
concsponds lo the plane of leflcction (Foi examples see Baikci and 
Maish, loc at') 


Optical Jsoma ism tn the Diphenyl Senes 


Optical isomerism of a new kind has recently been found to exist in 
the diphenyl series (p 486) This development aiosc fiom the discoveiy 
of Christie and ICennei that it was possible to icsolvc substituted 
diplicnic acids, such as the 6 6 '- and 4 &- denvatives (I and II) into 
then optical isomendes 


cooii coon 





NO 



II 



NO 


a 



cooii coon 
I 



/ 



NO 


a 


NO, 


Since then a number of substituted diphcnic acids have been 
resolved, 1 and otheis shown to be incapable of lesolution Mciscnhetmei 3 
has extended the work lo basic denvatives such as 6 6'-diammo-<?- 


ditolyl, 




) 


which also exists m cnantiomoiphous foi ms 





1 Christie and Kenner,/ C S f 1922, 121 , 614 , Christie, IIolderncss and Kenner, / C S', 
1926 671 McAllister and Kenner,/ C S , 1928, 1913 » F Bell ind J Kenyon, them and hid , 
1926, 46 , 864 3 Bit 1927, 60 , B, I2J.5 
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In gencial, it appeals thaL an essential condition foi optical isomcnsm 
in the diphenyl senes is that at least tlueo of the foui positions 
adjacent to the bond joining the two bcn/enc nuclei should be occupied 
by substituents 

At fust some difficulty was cxpcncnccd m accounting for Ibis 
isomei ism, but a icasonable explanation has been suggested in the 
thcoiy of lcstiiclcd lotation, which was advanced independently by 1 
Tuinet and Le Eevic, Bell and ICenyon, and Mills It is supposed that 
the fiee lotation of the benzene nuclei louncl the bond uniting them is 
lestiicted 01 altogether pi evented by the picscncc of the substituents in 
the 01 tho-posilions If fiee lotation is inhibited, it is then possible to 
build up two non - supcumposablc 
min 01-image foims foi each of the 
above compounds (V g III and IV) 

The piobability of this explana¬ 
tion becomes evident when actual 
space models of these det Ivattvcs aic 
the benzene nuclei aie inteilocked 




seen that 

the foi ce 
pu i ely 


examined It is then 
The actual iinluie of 

preventing lotation is still an open question, it may be a 
mechanical obsliuction oi clecliopolai foiccs may be involved. But the 
success of Moyei and Adams 2 in icsolvtng3 3'-dmmino-dnncslLyl, in 
which the foui oi tho gioups aic identical and piaclicatly non-polm, sli ongly 
suppoits the thcoiy of mechanical blocking 
All attempts to lcsolve compounds such as 
i\ ^'-dinilto-diphemc acid and 3 3'-dichloto- 
diphcnyl-5 5' dicai boxy lie acid have icsultcd 
in failule 


He/ 

II> 


Mo 



Me 


Mo 

^>Mo 

Mo~ NU* 



Ihe ease of 6 6 ' duulio-diphcnic acid lllustiates the fact that 
complete asymmcliy is not an essential condition foi optical isomcnsm, 
since the compound occuis in two non-sitpciposable foims As in 
many olhci eases, the molcculai sliuctuie of this compound possesses 
ceilatn elements of symmctiy and is theicfoic clescubcdas dnsymmetuc 
tathci than asymmctiic 

Optical isomeusm due to lcstiiclcd lotation lotmd a single bond 
would be expected to occui in othei com¬ 
pounds besides the diphenyl gioup Fuithci 
suppoit foi the theoiy has been furnished 
by the success of Mills and Elliot 3 in icsolving 
the benzene sulphonyl dcnvativc of 8-nitio- 
1-naphthyl glycine In this ease the optical 
isomei ides aic less stable, and the lolaloiy 
powci disappear m the com sc of a few houis 


CflTIfiSO^ CII a COOII 



NO, N 


V\ 



1 Turner and Le Fe^ re, Uum and I ml , 1926, 4 B, 831 , Mills, ttui, 883, 905 Dell ami 
Kenyon, tint, 864 a W W Moyer and R Ad*ma, / Amt, C)um Mr, 1929, si, O30 
Mills and Elhot } y C If)a8 t 1291 bee ilso Mciseuhcimcr, Btt y T927, (JO f 
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Asymmetric Synthesis 


It has already been stated that when a symmelucal compound is 
convetted by ordinary chemical reaction into one of asymmctnc type, 
the new pioduct is not optically active but is of the lacemic variety, eg 


/H 

c 0 h 6 c/ + 

Benzntdahyde 


HCN 


/II 

CrtH- C^-OII 

\CN 

nV-Mindclomlrilc 


The oidmary chemical and physical piopcilies of the optical 
isomerides ( 'eg, the d- and /-mandelomti lies in the above equation) aie 
identical and theie is no leason why the one foim should be pioduccd 
in greater amount than the othei If, however, such a icaclion is 
carried out imdei the influence of an optically active gi ouping which h 
subsequently temoved, the pioduct may be found to exhibit optical 
activity A synthesis of this kind is tcimcd an asymmetnc synthesis 
Maickwald 1 in 1904 claims to have effected the fust asymmctnc 
synthesis by pieparing an active /-valenc acid fiom the acid biucino 
salt of methyl ethyl malonic acid, by heating the lattei at 170° 





COO bruwie 
CO OH “ co a 


CIV /COO bntcine CII av /COOll 
)C< --> >C< 

c a n/ Nh nci c 2 ii/ Na 


In the same year A McKenzie prepared a lacvoiolatoiy atiolactic 
acid by treating f-menthyl ben/oylfoi mate with one moleculai piopoilion 
of methyl magnesium iodide, 8 and subsequently 1 amoving the menthyl 
grouping by hydrolysis 

oh on 

C a H B CO COOR —C 0 H d C COOR —> C 0 II fi c coon 

ch 8 cn„ 

Benzoyl formic ester Alrolncttc acid 


McKenzie 3 has recently observed that optically active ketome esters of the type 
C 0 II$ CO COOR and CH S CO COOR undergo mutaiotatlon m alcoholic solution^ 
and that the direction of this change appears to be intimately related to the sign of 
activity (d or /) of the hydioxy acids produced in the [above reactions On this 
basis an alternative explanation of the asymmetnc synthesis is advanced It is 
assumed that a similai mutaiotatlon proceeds instantaneously in the ethei employed 
in the Grignard reaction, leading m the case of / menthyl ben/oyl foimate to the 
production of an unequal mixture of 

</ /" /- /- 
C„H* CO COOC W II 10 und C a II fl CO COOC 10 II 10 

and containing a preponderance of the latter The excess of highly laevorotatory 
isomende is supposed to govern the course of the subsequent leaction, and by 
a%ymmeinc induction to result m the foimation of a Iacvoiotatory hydioxy acid 


1 , iqo 4 i 3 * 7 , 349 j *3^8 The actual mechanism by which active valenc ncid is formed 

in these reactions has been the subject of discussion 9 McKenzie and co-workers^ J C t 
1904, 86, 1249 Sec also 1906, 80 , 3.65, 688 8 A McKenzie and Misa A G Mitchell* 

Biochem Sett , 208 * 456, 473, 1930, 243 
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The following asymmctnc syntheses rue also due to McKenzie and 

his CO WOllvClS 

When an cstci of pyi uvic acid is 1 educed, it is convci led into a 
lactic estci, with the simultaneous ci cation of an asymmctnc atom By 
reducing /-menthyl 01 /-botnyl pyruvates in an aqueous solvent with 
aluminium amalgam, McKenzie obtained lactic cstcis which on 
hydiolysis gave a lactic acid containing an excess of AacicI Similaily 
the rf-amyl estci led to the foi mation of an excess of ^-lactic acid, 1 

CII„ CO COOK-^ CH S CIIOII COOR —->■ CII a CIIOII COOII 

Pyruvic ester L tctic estci Lactfc acid 

A fuithei asymmctnc synthesis effected by McKenzie and Wien is 
based on the oxidation of fumnnc acid to incemic acid by means of 
potassium pcimanganate 2 1 he oxidation of /-boinyl fumaiatc pioduccd 

Cir COOR CIIOII COOR 

II —->• I 

CII COOR CIIOII COOR 

a nnxtuic of d - and /-taitanc estci s containing «vn excess of boinyl 
/-taitiate, and on lemovmg the boinyl gioup a lacvoiotaloiy taitanc 
acid was obtained By using rf-boinyl fumaiatc an excess of a?-taUanc 
acid was foimed 

Roscnthalei 8 showed that the combination of aldehydes with 
hycliogcn cyanide in the piesencc of enzymes gives use to active 
cyanhydnns Ben/aldchyde and IICN in the piesencc of cmulsin yield 
optically active fZ-nmndcIoniliilc, which on hydiolysis gives an active 
/-mandelic acid Smulai lesults wuc oblaincd by Bicdig and Eiske, 1 
who used optically active alkaloids in place of enzymes Quinine foi 
example, gives a lacvoiotaloiy mandcloniUilc and quimdine a dextro- 
lotaloiy pioduct 

Many attempts have been made to pioducc optically active 
substances by gcncinting asymmctnc compounds undci the innuence 
of cnculaily polanscd light oi an asymmctnc anangement of polanscd 
light and magnetic field The fotmci method was suggested inde¬ 
pendently by Lc Bel and van’t Iloff but has not yet been leahscd 
expel nncntally 

A syunnet) tc Decomposition 

A somewhat diffcicnl pioceduie has been advocated by Cotton, who 
discoveied that eoppci d- and /-laitiatcs in alkaline solution exhibit 
cnculai dichioism, a d cnculaily polanscd lay, foi example, being moic 
strongly absoibed by the z/-salt than by the l compound (Cotton effect) 
lienee Cotton Iticd to decompose a solution of the laccmatc with 
d cnculaily polanscd light in the hope of obtaining a mixluie containing 
an excess of /-taitiate No activity could be obscived, however Aftci 

C A, igoSiS^, 1373 > 1909, 86, 544, 1105 V C i, 1907, 01 , 1315 It maybe 
noted thru maleic acid on oxidation yields mesotmtaric acid ® Bwchem ZeU , 39 °?* 

238 , 1 % 257, 10, 186 4 Btochm Att) 191a, 48 , 7 
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many fruitless attempts along these lines on the part of vniious 
investigators, success has finally been achieved by Wcinei Kuhn, 1 and 
S Mitchell 2 Kuhn made use of flY-u-azidopiopionic chmclhylamide, 
CH S CHN tt CO N(CH P ) a This was found to have an absoiption band due 
to the aztdo-gioup, situated in the ultia-violet legion at X = 2900 A U., 
in the neighborhood of which the jotation lose cnoimously On 
passing rf-cnculaily polansed light of the same oidei of wavelength 
(chiefly X ~ 3135) thiough the solution, decomposition ensued with the 
liberation of nitrogen, the lecoveicd dimcthylamidc having the lolation, 
<s 6?80 = -fo 78 0 (/ = 1) When /-cnctilaily polansed light was employed 
the pioducl had a 57g0 = — 1 04° 

The asymmetnc photochemical decomposition of humulcnc nitiositc 
effected by Mitchell has the mcnl of simplicity, since it was biought 
about by the use of visible light m the led pait of the speclium 
(6000—7800 A U), and the change could be followed thioughoul by 
polarimeUic leadings Ilumulene is an inactive sesqmteipenc which 
combines with mtious anhydnde to foim a tacemic nitiositc A 
solution of the latter in ethyl butyiate on being niadialcd with 
/-cncularly polatised light of the above wavelength showed a giadually 
increasing Violation (maximum value a^go— +0 30°) which eventually 
fell during the comse of sixty foul hours to zeio, by which tunc the 
decomposition of the mtiosite was complete Similar lolations of the 
opposite sign were obtained m a parallel experiment with d cncularly 
polarised light 

These syntheses of active compounds from laccnnc material aie not 
asymmetric syntheses in the usual sense of the woid but aic akin to 
Paster's resolutions with bacteria or moulds, which feed prefeicntially 
on one of the acLive forms in a solution of the laccmatc 

The causes which first led to the foimation of optically active 
compounds m nature have been the subject of much speculation The 
successful photochemical decompositions outlined above indicate one 
possible solution of the pioblem, since ordmaiy daylight is well known 
to contain undci certain conditions a small piopoition of circulaily 
polarised light 8 But whatever the original soutcc of the activity, it is 
probable that the great majority of highly active substances now 
elaborated by animal and vegetable oigamsms aie foimed by asymmetnc 
syntheses under the influence of optically active enzymes 01 other 
products (alkaloids, carbohydrates, etc) already picsent m the organism 

B Geometrical Isomerism 

The tetrahedra lepiesentmg two caibon atoms united by a single 
bond aie in contact at one point only, and capable of independent 
rotation about their common axis If this weic not so, even the 

1 W Ktilm cind E Knopf, Zest phys Chem , 1930, B, 7 (j.), 393 3 S Mitchell, y C 

1930, 1 Sag 8 Byk rmtinuim that ordmiry diffuaed daylight contains 1 small preponderance 
of one form of circularly polarised light {/tit phys Chem , 1904^ 40, 663) 
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simplest compound of this type, such as ethane, tT 9 C—should 
exist in innuaici able modifications I heic is, howcvci, only oik 
ethane Known Sleieoisoineusm is theicfoic not possible with iTluni 
dcnvativcs unless the caibon atom is asymmetiic As suggested by 
Wislicenus, it is piobablc that the atoms 01 gioups unilcil to the two 
caibon atoms excit a mutual diiccUvc influence on cadi othet, until 
by lotation about the common axis the whole system is hnnsfouned 
into the most stable configuiation 

The case is othet wise with doubly bound caibon atoms as contained 
m ethylene denvativcs of the gencial fonnula a b C God All inde¬ 
pendent turning of the tetiahedia ceases hcio, since two coineis of 
each aic in union, with a whole edge in contact anil the idimming foui 
valency bonds lying fixed in one plane 

Fot this leason compounds of the fonnula abL Gab {and also of the 
genet al stmctuie a b C C cd) exist m two ste> eoisome) tt fonns, coiie- 
spondmg to the configuialions 




b 

1* ACt II 



By piojection on to a plane paiallel to that containing the font 
radicals, these fonnula; may be simplified to 

I a—C—b 

a —C —b 

Compounds of configuiation 
same side of the molecule, ato known as m-foi ms, they possess one 
plane of symmctiy peipendiculai to the axis of the double bond, and 
anolhei containing C, a, b and the double bond Those of configuiation 
II, with similui gioups on opposite sides, and having one plane of 
symmetiy containing the axis of the double bond aio known as ttans - 
foi ms 

The bcsL known lllustiation of this type of isomcnsm Is furnished by 
maleic and fit mane acids 

H—C—COOII JI—C-COOlf 

II—iLcOOII IIOOC—I!—II 

Maleic acid Film sine add 


and 


II, —b 


I, in which sinnlai gioups lie on the 
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In maleic acid the two caiboxyl gioups he on the same side of the 
molecule (maleinoid position), and in fumanc acid on opposite sides 
(fumarotd position) The compounds diffei not only in physical but 
also in chemical behaviour (see p 274) Maleic acid, foi example, 
owing to the pioximity of the carboxyl gioups, icadily fotms a stable 
anhydride, a change not possible in the case of fumanc acid When 
sliongly heaLed, fumanc acid is pat tially,transfoimed into watei and the 
anhydnde of maleic acid 

Geometiical isomerism is a common occunencc among those 
ethylene derivatives m which two diffeient gioups aic united to each 
doubly bound catbon atom Into this class fall the two dimethyl- 
ethylenes, CIi 3 CH CH CIi 8 , ciotomc and isocioLonic acids, 
H S C CII CH COOII, angelic and tighc acids, CII 8 CH C(CI~I 8 ) COOII 
and many otheis 

Undei cei tain conditions the geomclncal isomcis of the ethylene 
senes ate mteiconveitiblc, thus by heating maleic acid m aqueous 
solution with a small amount of hydiochlonc acid, it is convciled into 
fumanc acid 

A similar geometneal t$omerum is found among the cyclic poly - 
methylene compounds , despite then satinated chaiaclei In this case, the 
closed staucture of the ung inhibits axial lotation of the cat bon atoms in 
the same manner as the double bond of ethylene dcnvalivcs 1 A com- 
paiatively huge numbei of isomcndes of this class is known, including 
the hcxahydrolcicphlhahc acids, 2 and the qumitols, C 0 lI ift (OII) a The 
existence of lsomcnsm is explained m the same way by assuming that 
certain groups in the compound may occupy opposing positions in 
space, m the sense that they may 111 one case be in pioximity, and in 
the other be removed fiorn one anothei A foundation foi this 
explanation is piovided by the fact that the one isomei ficquently 
undeigoes uiliamoleculat icacliotis which appeal to necessitate 
nelghbouung positions of the gioups involved, whcicas the othei 
isomer does not undcigo these leaclions at all The two hexahycho- 
phthahe acids, foi example, exhibit the same lelationship as maleic 
and fumanc acids, as indicated m the following diagiams The «j-acid 
readily forms an anhydnde, wheieas the trans-<m\\yd\ ide, which is only 
obtained with difficulty, is converted on fusion into the stable cis- 
anhydride This change involves a rearrangement of the gioups 


COOH 
I COOII 



Mftlclnoid orc«-acid 


COOII 



\ 

/ 


COOII 

FumTfOid or //aw-tcicI 


1 It Js also possible to consider ethylene as the simplest example of a molecule with ring 
structure * Bneyer, Ami , 1888, S 46 , 303 * 1889, 261 , 25^ , 1890, 2 E 30 , I, 268 , I, 145 , 1891, 
208 , 169, 1892, 209 , 14$ 
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It may fuithci be mentioned that allcne deuvatives of the geneia] 

(t € 

foimula ,>C C C-<^, or of the simplci type in which c and d arc 

identical with a and b 1 cspcctively, should exist in Uvo min 01-image 
foims If in ethylene deuvatives the teimmal gioups attached to the 
doubly bound cat bon atoms he in one plane, they should be disposed in 
allcne compounds on two planes standing peipcndiculai to one anolhci 
Such a configuiation possesses no plane of symmcliy and the compounds 
should thcicfoic exist in optically active foims So fai all attempts to 
picpaie deuvatives of this type suitable foi lesolulion have failed 1 


Spii o-compounds 


Closely ielated to the allene deuvatives mentioned above ate the 
spiralis oi spiro compounds 2 Spanns ate cyclic compounds built 
up of aL least two homo- oi hcleio cyclic lings, and having one ling- 
atom common to both cyclic stiucLuics (I and II) Owing to the 
tetiahedial anangement of the bonds mound the common atom,® the 
two rings may be legalded as occupying the planes at light angles 
to each othci In many cases the spatial disposition of the gioups 
leads to the occurrence of stcrcoisomeiism 



Bis i hyclnndonc 2 2 spinn 


ch, cn a 



cn 2 ca 2 


An extensive investigation has been canted out by llioipe, Ingold and co woikcis 
on the foimnlion and stability oi spiro compounds 1 It is well known that in cyclo 
piopane the distortion of the valency bonds from the nonnal is so gicat that 
deuvatives of this hydrocarbon me not 1 caddy formed and me unstable Tho above 
awthois have shown that the case of foimnlion of the cyclopropane iing is increased 





CHjCHj 

■O c <1 

ch 2 ch 2 


CR S 

cr 3 


when the CH a gioup m I is lcphcod by the gem dimethyl group as hi IL and to 
a still greater dcgice by tho cyclohexane gioup as m thespuo compound III It 
is therefore concluded that m tho simple cyclopropane nng (in winch tho bonds are 
calculated to enclose an angle of 60*, as compared with the normal value of 109*28' 
for methane) the strain between the carbon bonds is lessened by the introduction 

CII3V 

of the bulky gem dimethyl group, yC, oi the cyclohexane lcsiduc 

Cl\S 


In the Inst 


1 Cf Dimroth and Fcuclitci, Bn , 1903, 88, 2238 2 A number of these compounds have 

been prepared by I cucha and co vorkeis, Bn , i 9 I2 i 31*4 Iin <l later 0 This holds 

for N aa well is C, compare Bteroochemiatry of nitrogen, p £4 * f C 1815 , 1080 , 1910 , 

320, 1920 , r$79 , 1921 , 1199, 3 S31 , 1028 , 122, 3140, 1026 , 1678 , 1926 , 3011 
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Uvo cases the widening of the angle between two of the bonds by space filling giotips 
may be assumed to bung about a deciease in the angle enclosed by the icmauung 
two bonds, thus facilitating the closiue of the ling Once Jt is fanned, the ltng 
in these last-named compounds is unclei less stiain aiicl hence is less liable to 
disiuption 

The i esolution of sptro~ 5 5-liy da atom by Pope and Wlulwoi th 1 
furnishes a remarkably simple example of an optically active spnan 


Nil—COs 

io- NH > C 


/Nil—CO 

< I 

x CO—Nil 


2 Stereo chemistry of Nitrogen 2 

(a) Optical Isonm ism 

The frequent occuirence of oximes and hydtazoncs, all of which 
contain the group >C * N—, m geometucally isomei ic foi ms, has been 
explained by Hantzsch on the assumption that the mtiogcn and caibon 
atoms he m the same plane as the double bond joining them, with 
the third nitrogen valency lying outside this plane Oximes, foi example, 

R-^—C —R_C—I** 

may theoretically be written as [| and (I 

N—OH HO—N 

and in many cases both fotms have been isolated (see p 57 se( I ) 

If the three nitrogen valencies weie arianged in this way in let valent 
nitrogen compounds of the type Nabc t the lattci would be expected 
to occur in optical isomerides as m I 
Many attempts have been made to tesolve 
such compounds but without success Foi 
example, no resolution could be effected in 
the case of benzyl ethyl amine , 3 / 3 -benzyl- 
hydroxylamine , 4 methylanihne/ tetiahydroqumohnc/* oi hippunc acid 0 
by means of active acids 

It has therefore been concluded that these compounds Nabc do not 
occur in enantiomorphous forms Either the thice ladicals abc he in 
the same plane as the nitrogen atom 7 or the system possesses a mobility 
Which brings about rapid racemisation (conti astsulpluu compounds, p 61) 

1 

(b) Optically Active Ammomum Salts « 

Corresponding to the asymmetric atom of carbon wo have that of 
pentavalent nitrogen, the five bonds of which aie united to diffeicnt 
atoms or groups A configuration of this type is icpiesentcd by the 

^ ^ Ir ^ I Pope and J B Whitworth, Chem and Ind s iQjo, 49* 748 0 For t fall 

treatment see Cohens Or^tm Chtm\stry x Vol II, p 294 (Arnold, 192$) * KrafTt, Bit i 

1890, S 3 , 4 Bfthiend and K&tug, Ann , 1891, 268 , 175 * Ladenburg, Bet , 1893* 

* $ 4 E Fischer^ , 1899, 2470 7 This is apparently contradicted by the fact 

a ammonia ana similar compounds possess a definite dipole moment 
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substituted ammonium salts N (a, b, c, d)X, which would Ihcicfoic be 
expected to exist in two optically active foims of equal and opposite 
tola lion, and an inactive laccmicfoim containing equimolcculai amounts 
of these two isomci s 

In confhmation of this, Le Bel 1 obtained mclhyl-cthyl-piopy 1 - 
lsobutyl ammonium chlonde, N(CII 8 )(C a H D )(C B H > .)(C 1 H 0 )Cl J in a feebly 
active state by submitting a solution of the salt to the action of the 
mould ptmttlhum glaucmn Pope and Peachey 2 pi cpai ed the bensyl- 
phenyl-allyl-mcthyl ammonium salt of </-camphoisulphonic acid, and by 
fractional ciyslallisation. fiom the non-hycholysing solvents ethyl acetate 
and acetone succeeded m lcsolvmg it into its cnantiomoiphous foims 
The individual cf-cainphot sulphonatcs, on lieatment with potassium 
iodide, gave the spanngly soluble substituted ammonium iodides of 
[a] D =3 + 52 5 0 and [aJ,j = —514° tespecUvcly These weie the fiist 
optically pme compounds to be picpaied, the activity of which was clue 
to an element othei than caibon 

These ammonium biomides and iodides aic easily laccmised, not 
only m aqueous ot alcoholic solution, but also when allowed to stand 
m chloiofoim solution {autoi acemisatmi) Hus is supposed to be due 
to the dissociation of a molecule of alkyl halide followed by lecombina- 
lion in a diffeicnt manner 

Eaihcr woik on the isomeiism of mitogen compounds led to tho 
consicleiation of two space miangcmcnls foi the pcnlavalcnl mtiogcn 
atom In one of these, due to Willgciodt, the five bonds 
weic assumed to he at the points of a figuie obtained by 
placing two tetiahccha base to base (II ) The mtiogcn 
atom was supposed to lie inside the common Uxangulai 
base a he, with N«, and Nr lepicsenling the valencies 
of the oiigmal tnvalcnt mtiogcn Willgcroclt's anange- 
ment was subsequently abandoned because it pet nuts a 
fai grcalct numbei of isomcncics than is actually found 
m piacUcc, viz, two chffeicnt optically inactive isomcncics 
Nrt a ^X, thtec isomcncics N a % bcX (one of which should be icsolvable) 
ancl foiu icsolvable foims of N abeaX 

The second fotmula foi ammonium compounds, due to Bischoff, 
lepicscnlecl the N-alom as lying inside a squaie 
pyiamtd Xabed (III), with foui valencies 
ducctcd towaids tho points of the squaie base 
ancl the ionising valency lowaicls the apex 
This also lecjuncs a gieatci numbei of isomcncics 
than has been obseivccl Foi example, com¬ 
pounds of the type N abeeX should exist in two 
forms, one of them icsolvable (IV) and the other 11011-rcsoIvable (V) 
Smulaily, N abedX should occui 111 lluee resolvable foims 

1 I c Del, C > , iS-gr, 113 , 7a j a Popoand Peichy,./ C ?, 1899, 16 , 1137 
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I lit i \|m i mienl il t \ idt n< e on winch the foimul e h,ivc to he judged 
i»t simuuhil f otilln 1 nip 1 lint .no many casts of dmioiplwsin among 
llu a 1 tits amt in a iiitmlu i of mslanct s 

d im urn is luvt In on shown lain 
to lit uhnttia! llu in.un f,i<it may 
hi Hiitniii.m it it its hillmis No optical 
i tonu'cjsiii hat hi t n oh in veil in com¬ 
pounds of llu ivpt i N»r//X oi N/fyfo.X 
C'oinpoiuiih of tin tv |it NnVWX ninu in a 

single itoilvilih Ini in, ami the same tnienuc compound is pioduccd 
whnlt wi tin on It i in ninth Ur taditals i> t e, d aie inlioduccd into the 
mult < uli 

As iuiilui t ’sample < ol the* huge numbci of compounds NabedX 
resolvt d by 1 'ope, Wtdi hint I, II O Jtmei and olheis, may bo mentioned 
Ihust limit up ul pin n> 1, mt thy), btn/yl and a senes 
of alkyl radicals, 1 mid tilt* tytlu compound, ally! 
k.iitolnituin iodide (VI) 8 

Ion sonu* ytan tin* Hist huff foimula was ton- 
sulmd to In in In 4 nptttimnl with the* evpeu- 
innit.il fatt• LuUr it lutuint ucopmscd that the* 
fifth or ioidsalih* valuuy of uitiogcn has no fixed 
dm ilmn mill u'spt 1 1 It* llu* irst of llu atom and is 
therefort* withuiil inline nt t* on llu asyinmeliy 1 his 
was fir4 tvpre’Mtd hy Wcitit’i, 1 who foimulated ammonium salts with 
tht* fuulsnhtt* ffrotiji tut npyiniv .in mi lei /one and the foui tadicals m 
an liunr emu \Vi*rn«*i -m^i slid that the* slcico-chcnusliy of mtiogcn 
thus rtstmhhd dial «*f hic11i.uk*, llu* one being picsent 


VI 


II 


a 


fY> 

vy«» 

CILlfc.II 


I 


a A *r. 


11 It 


X 


its it poalive ty «limgt d amimmiuni Ion and the olhei 
its un titttiually m ti(i«i1 moh tub 1 

A* i of ding to mode i n vnv\s llu* Lwo ions of an 
iiitiiiuiiiiitin silt nit* icgmtied as stiiaiale entities, noimally held togcthei 
by the t ht imU nit alii action of opposiLely chaiged bodies The 
itidividuality **f tin mns appeals to bo maintained even in the solid 
state Wyikofi 1 , 8 from the X-iay examination of ayslalsof ammonium 
tliloflde, coiuludt s that they aio built up of an aggiegale of alternating 
fuitiiitmiuin mid chloiide ions 

An interesting decision in favom of the tctiahcdral as against the 
pyramided foimnlu for the tumnomuin ion has been obtained by the 
succrisof Mills mid Wan on" in icsolvmg the following spno-compouncl 

(step «i i) into Its optical isoitiei ides 

Hie foruiiUinii of this ttnnpound fiom 4 -plicnyl pipciichne and 

• |cHiMiiiitl.<»witftrai/ ( V I80. aoS , iqoS, OSj 395 Uucknoy,./ C 19 7* 
91, l8n. * /<l ihnft , 1 yoCi, 10, 135^ Now Ideas on lnorgu.lrUiem.ary.p SS 

• 8m alco fl « I..S- «mt bM..IO|S / S, rots. 101, 1751. J* m So( > 

1919 , 4 X. till 6 ,lw / . «!»a, 8 , t ?7 1 4 , 173 a J c *f> a 5 . 2 5°7 
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ac dibiomopentane-y-caiboxyhc ester took place veiy leaclily, and it 
is theicfoic assumed that the valency bonds of the mtiogcn atom aie 



4 Phenyl 4'-caibcth(Ky its piperidiinum-i I'-spiran-bromide 


disposed noimally and are not undei sliam If the anangement of the 
N-bonds is tctiahedial, as indicated in the above foimula, then the 



Pyrurmhl formuln Tetrahedral formula 


V 

N 


Br 


compound is asymmetue, because the two 1 mgs must he in planes 

pcipcndiculai to one anothci, thus bunging the tciminal substiLuents, 

C a ll 6l II and COOEl, II alsoi nto planes at light 

angles to one anothci On the Bisthoff foimula, CII 2 

on the other hand, the compound is symmetrical A 

since in this case the tcimmal gioups lie in one CII 2 \ 

plane which is at light angles to the planes of the y 

two similai rings The resolution was effected by jj B r 

1 eci yslalhsing the rf-biomo-camphoisulphonates fiom S' \ 

acetone 

The tctrahcdial anangement of the nitrogen l 
valencies also explains the failmc of othei woikcis 
to lesolve compounds such as the tumelhylene 
tetiahydio lsoquinohmum salts 1 On the tetiahcdial l , 

airangcmenl the plane containing the isoqumolinc 
rings will cut the trimethylenc group at light 
angles, dividing it into two equal halves and thus constituting a plane 
of symmetry as may be seen fiom the foregoing figure On the 

1 Jones nnd Dunlop, / C S , 19031 S3, 1400 
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pyramidal formula of Bischoff the compound is asymmeliic in 
structure and should be resolvable 

I'he Inequality of the Inin, Valuiues of Nihogui 

It has been shown by Meisenheimci 1 that the pentavalcnt nitiogen compound 
methyl ethyl aniline oxide (CH a )(C 2 II 0 )(C|]II 6 )N —0, which is picpaicd by lieatmgthc 
amine with hydrogen peroxide, exists in two optically active foims, despite the 
apparently identical state of combination of two of the nitrogen bonds Similar 
isomerism is exhibited by methyl ethyl /9 naphlhyhmmc oxide and by Icauolinc 
oxide, a cyclic amine oxide 

We may therefore assume that all amino oxides, Na 6 e( O), containing a 
nitrogen oxygen double bond and three different alkyl ladicnls attached to the 
nitrogen aio capable of existing in two cnautiomorphons foims, although, as 
indicated by the experiments of Jones, similni compounds of the typo NaafcX or 
N( a) 6 cX. in which the double bond lies between nitrogen and carbon cannot be 
resolved into active isomcridcs This was explained by assuming that in the fotmor 
compounds the valencies of the double bond, or those united to the two sinnlai 
radicals, are incapable of binding tonisable gioups, wheieas m the amine oxides 
the valency formerly bound to the lomsablc acidic group paiticipates with one of 
the four remaining valencies in the double bond, A fundamental assumption of this 
theory is the inequality of the five nitiogen valencies in ammonium compounds, it 
being supposed that the filth bond, uniting lomsablc groups, occupied an abnormal 
position, The probability of this hypothesis was strengthened by the discovety ol 
Melscnhmmer that In compounds of the type (CH^NCl* oi (CII 3 ) a N(OII) a , the 
chlorine atoms or liydioxyl groups are m different states of combination Foi 
example, two different substances of the formula (CH 5 ) B N(OII)(OCII,) aie pioduccd 
according as a salt of trimetliylaminc oxide is treated with sodium methoxulc (1) 
or tho addition compound of trlmethylamine oxide with methyl iodide is decom¬ 
posed by sodium hydroxide (II ) 

I (CII^N 0 (CIUNcgJ 1 CCI3) 8 N < gg u 

II (CITj),N 0—>(CII # >»N<f Cn »-> (GII B ) 8 N<gg n » Cg 

The trlmethyl hydroxy ammonium metlioxicle formed in reaction I, quantitatively 
decomposes into methyl alcohol and trimcthylammc oxide on evaporating the 
aqueous solution Ihe trimethyl methoxy ammonium hydroxide pioduccd m 
reaction II , on the other hand, yields trimethylamine, formaldehyde and water 
In nddltion to the above, several pairs of isomers of the typo (CII a ) 8 N(OR')(OR") 
were isolated All of these could bo decomposed to give tiimethylamine, aldehyde 
find alcohol j in each caso tho alkyl icsidiie occupying position (4) was Itbcialed as 
aldehyde, and no trace of any other aldehyde could be detected It follows, 
therefore, that the two alkoxy groups are not linked to nitrogen in the same manner 
Meiscnhelmer assumed the five radicals to be attached to nitiogen by means of 
principal valencies, four In an inner and one m an outer /one (111 and IV) ns 
fn Werner's theory 

111 [on.’ N-g&Jon IV [£!!; n gjj'Jocn, 

11 was supposed that the group in the outer /one, at all events when the substance 
Is m solution, resembled the labile group of a tautomeric compound m having no fixed 
position, and had therefore no apparent influence on the asymmetry of the molecule 
1 j Ah explanation of the constitution of the amine oxides lias recently been 
Advanced by Lowry and Sidgwick (see p 30) on the basis of tho electronic theory 

1 McUenhcimer, Btr, 1908, 4t, 3966 , Ann,, 1911, 886, 117 , 1913, 8B7, 273, bob, 371, 
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(c) Geometrical Isomerism of Nitiogen Compounds 

All mitogen compounds capable of exhibiting gcometucal isomerism 
aic characteused &tiuctutally by a double bond between caibon and 
mliogen, and the isomeis beat the same lelationship to one anothei as 
those of the ethylene senes (p 49) 

Stalling fiom the consideiation that numetous compounds arc 
known in whose molecule a N-alom plays the equivalent pait of a 
Cl 1 -group {cf benzene and pyndine, naphthalene and quinoline), Ilanlzsch 
and Weiner suggested that the thiee valencies of the nitiogen atom aie 
dnccled towatds thiee summits of a teliahedron, at whose fouilh lies 
the mliogen atom itself Hence all compounds containing the divalent 
gioup a —'C— b united to the divalent N— c should, by analogy with 
the ethylene denvalives, occui in two diffcient configuiations 

a —C— b a —C— b a —C— b a —C— b 

II and || || and || 

d—C—c c —C —d N —c N 

01 representing the nitiogen compounds in peispective, 
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One of the most important and eailiest investigated classes of this 
type is that of the oximes, and in later yeais mquny has been extended to 
the hydiazones, caibazones and lmidcs 1 The two isomcuc bcnzald- 
oximcs, foi example, are given the configuiations I and IT following 


C 6 II fi —C—II 

N—on 

Ben 7-syti ikloxime 


II 


C 0 II 6 - 


II 


no —n 

Ben^ anh aldoxime 


in C 0 II 6 —c 

N 

Benzomtriie 


Stiong confiimation of this theoiy is ptovided by the success of 
Mills and Bain in resolving 
the oxime of cyclohexanone 
caiboxylic acid into optically jj 

active foims Theasymmctiy 

^ * nnnr*^ 

of the compound can only be 

explained on the assumption 

that the hydioxyl of the oxime 

group lies 111 a diffeicnt plane to that occupied by the II and COOH 

at the othei end of the molecule 



1 Uiint/sch, Bti 1 1897, 80, 3003 SttcgHtz, Amo Chan _/, 1908, 40 , 36 Busch, lit) , 
1912, 46, 73 
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The configurations of stefeoisomcitc aldoxmtes wcie fust deduced by 
methods devised by Ilantzsch One form leachly loses walci to yield a 
nitrile, whereas the other is more stable It was theicfoic concluded 
that in the formei, or jyw-alcloximes, the Ii and OH aie in close spatial 
proximity, and that in the latter or ffw/i-aldoximcs the II and Oil ate 
on opposite sides of the molecule Mote pronounced diffeienccs aie 
shown by the acetyl derivatives (p 431) In some cases only one 
isomeride is known, the other being presumably too unstable to exist, 

As would be expected on the above thcoiy, the symmetncal 
ketoximes, R 8 C NOII, are only known in one foim Unsyinmctncal 
ketoximes, RR'G NOII, exist in many cases in two isomeiic fotins 
Ilantzsch deduced the configurations of the ketoximes by means of the 
Beckmann transfoimation (p 173), which consists in Ueating the kcloximc 
in benzene solution with phosphoius pcntachloi lde, when it is convcilcd 
into a substituted amide The two isomeis yield diffcicnt pioducts, 
and it was formerly assumed that the change occvuicd in the following 
manner, the hydroxyl group being supposed to exchange places with 
the adjacent radical in the c/y-position, followed by a icaiiangemont to 
the substituted amide As an example we may quote the case of the 
phenyl anisyl ketoximes 1 


CAL C CJI,OCII 


HO. N 


a*-*-* 


a 


iSy«-Phei»yl an lay I 
ketoxime 


O C CqHjOCIIj 
C B H B Nil 

Anihdc of nnislc 
acid 


cu B o c 0 n 1 coon 

! CflllflNlIg 

Anisic acid and 
aniline 


C 9 H b . C, CfllHOCH 
II OH 


^*//f-PHenyl anlsyl 
kotoxime 


C fl II 6 c o 

>• I —> 

IIN C^IIjOCIIb 

Amsidido of bcn/oic 


COOH 

I CII a O C^II^Hg 

Benzoic acid ind 
nmsidUte 


The constitution of the final pioduct is dctci mined by hydiolysis to 
the acid and amine 

In agreement with theory the symmetncal dikctonc ben/il, 

• CO CO C 0 H b> yields two monoximcs and thice dioxunes 
(seo,p, $i 4) 

In deriving stereo-chemical foimulte fiom an examination of intia- 
molecular reactions, it has geneially been assumed that such changes 
proceed all the more readily the closer llic leading gioups aie to one 
another in space Unfortunately f no facts weie known by which the 
validity of this assumption could be strictly tested in the case of the 
oximes, and there has always remained the possibility that the 
Beckmann rearrangement, for example* docs not involve an inlet change 
of adjacent groups* but of gioups m the rt^*-position The whole 

* ift tbe eildojclmesj the prefix gw indicate adjacent positions of the reactive groups II and 
0 * 1*1 Irt the ketoximes tlie term syn or twit indicates the position relative to Oil which is 
by the group immediately following the prefix, 
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question of the configuialion of alcloximes ancl ketoxtmes has been 
reopened in lcccnl ycais owing lo the discoveiy of leacLions winch 
appeal to icvcisc the accepted st me Lines Meiscnheimer 1 found that 
when tiiphcnyl iso-oxazolc (I) is oxidised with ozone or chiomic oxide, 
theie is obtained a benzoylated benzil monoxime which on liydiolysis 

yields a benzil monoxune We should expect this reaction to pioceed 
accoiding to the scheme 


C fl II 6 C-C CJI 


N O 


1 ! 


0“* 


c*h 6 


C 0 IIj c 

*■ II 


CO C fl H, 


Coll, 


N O CO CJI 


o-“r> 


C CO C c H s 
N.OH 


The monoxime actually formed, howevei, is one which had picviously 
been assigned the alternative stmcluic given below, because when 
submitted to the Beckmann tiansfoimation it maybe converted thiough 
benzoyl foimanihde into phenyl caibamide and benzoic acid 


c„h 6 C CO C fl H B 


IIO N 


O C CO C fl II 6 

I — 

C 0 II fi Nil 


C 0 H e NC + C 3 H 6 COOH 


The lemaining monoxime of benzil is conveited into dibenzamide 
by the Beckmann transformation, a change originally {cumulated as 

C 0 II 5 C CO C 0 H b C 0 H fi C O 


N OH IIN CO C 0 II fi 

Meisenheimer suggests that the oxidative disiuption of tuphenyl 
iso oxazolc may be biought into agieemcnl with the lesults of the 
Beckmann change if it is assumed that in the lattei an exchange occuts 
between the OH gioup and the ladical in the ^//-position 


IIO 


R' C R 

i 




R' C OH 

II 

R N 


R' CO 


IIN R 


A similar conclusion appeals to be indicated by the work of Bishop 
and Biady 2 on the conveision of aiomatic aldoximes into iso-oxazole 
dctivalives One of the two 5-nitio-2-chloro-benzaldoximes appeals 



\-CII 

NaON 







to undeigo this change leachly in the form of its sodium sail, the 
unstable ben/o-isooxa/ole being converted into the mtule of g-nitro- 
saheyhe acid, and thus indicating the configuration given above This 
isomencle, howevet, was ongmally assigned the leveise stiucture owing 
to the ease with which the acetyl derivative yields a mtiilc 

1 Bi > , 1921, 64 , 3206 , 1924, 67 , 276 Ann , 1925, 444,9 L, 1926, 446 ,205 8 O L Bndy 

and G Bishop,/ C S , 1925, 127 , 1357 
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Other physical and chemical pi ope rlies of the steicoisomcndcs, eg , 
acidity, volatility and the foimation of co-oidinatc complexes piovidc 
similarly conflicting evidence, 1 so that foi the piescnl the pioblcm 
remains unsolved The majonty of the woikeis oil this subject, 
however, have adopted the newer structures proposed by Meiscnheimei 

(d) Geometrical Isomerism m Compounds containing the 

Group —N = N'— 

According to Hantzsch the diazo-compounds also exist in sleico- 
isomenc forms, the configurations of which aie analogous to those of 
the ethylene deiivatives The expci lmcntal giound for this statement 
will be dealt with later (see p 396) but the analogy in question may be 
illustrated by the following fonnulse 


I Etiiylenf Compounds 


a —C—II 

II 

b —c—II 


Cm form 


a —C—II 
II—C— 

Jtam fcnm 


II Careon-Nitrogfn Compounds 


a—C —H 
b —N 

Syn form 


a- —C—II 
N —b 

Ault form 


III 
a —N 


l> —N 

Syn form 


Diapo Compounds 

a —N 

II 

N —b 

A frit -foini 


The similarity of configutation can also be shown by use of the 
tetrahedion models, assuming as befoie that the valencies of lnvalcnl 
nitrogen may under certain conditions be diicctcd Lowaids the thicc 
corners of a tetrahedion, at whose fouilh lies the mliogen atom itself 
From this point of view the dia^o-compounds appeal as double 
tetrahedra with one edge in common, as in Figs 14 and 15 



3 Stereo-chemistry of Sulphur Compounds 

Thesuccess of Popeand Peachey in lesolvtng a substituted ammonium 
$a t gave a great impetus to the investigation of compounds containing 
asymmetric atoms other than carbon Optically active sulphur com- 

' T„y? J Ta J’ lor snd E K Ewbtnk, J C S, igu6, 120, 2818 Taylor and M S Marks, 
fviu ) 1980, 2302, 
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pounds wcic obtained almost simultaneously by Pope and Peachey 1 
and by Smiles 2 The foimci lcsolvcd methyl ethyl thetme biomidc (I) 
by bunging it into leaction with silvei </-camphoi -sulphonate and 
lepcatcdly lcciystalhsing the lesulting methyl ethyl thetinc d camphoi- 
sulphonalcs fiom a lmxtutc of alcohol and ether The camphoi- 

T CII nv /CII 2 COOII TT CII av yCIL CO C„IL 

\g/ J.1 

0 , 11 / Hi C 9 Il/ Ur 

sulphomc gioup was then exchanged foi plalimc chlonde, yielding an 
active double compound containing PtClj Smiles lcsolvcd the methyl 
ethyl sulphide addition compound of co-biomo-acetophcnone II in a 
similai manner using rf-camphoi -sulphomc acid 

I he optical activity of these compounds is not destioycd by the 
lomsalion of biommc in aqueous 01 alcoholic solutions, and is thcicfoic 
associated wiLh the tiisubstituted sulphomum ion It is notcwoithy 
that no activity has been found in the concspondmg tnvalcnt mtiogen 



N-R a 


Inactivo 


Rjv h — 

>S~R fl (. Br ) 

V 

Active 


denvatives NRjRjRg despite the appaicnlly identical anangement of 
valency electi ons aiound the two cential atoms Lovviy has suggested 
that this is due to the gieatei mobility of atomic sliuctme in the case 
of mtiogen 

An mtciesting extension of oiu knowledge of the slcico chemistiy 
of sulphm has iccently been made It has been found that sulphinic 
cslcis of the type, CII„ C' n II 4 SO OC s II 8 , may exist in the optically 
active state, a discoveiy which was followed up by the icsolulion of 
w-caiboxyphenyl methyl sulphoxido IIOOC Coll 4 SO CII B and 
4'-amino-4-mcthyl-diphcnyl sulphoxide 8 II 2 N C n IIj SO C 0 II 1 CII ( 
A caibon atom linked to oxygen by a double bond is lcgaidcd as having 
a plane of symmctiy bisecting both atoms and the double bond, but 
no such symmctiy can be piescnt in the sulphoxide linking, since 
sulphoxidcs exist in mmoi-imago foims Sulphm and oxygen aie hctc 
joined by a semi-polar double bond (see paiachor, p 81) and thcicfoic 
lcsemblo mtiogen and oxygen in the amine oxides (p 30) Oxygen is 
evidently disposed above 01 below the plane occupied by the gioup 
C—S—C, a conjccluic which is suppoitcd by the isolation of compounds 
of the type of dithian dioxide in (inactive) geomeiiically tsotncnc fount , 4 

1 / C S , 1900, 7 * 7 , 1073 * / C S, 1900, 77 , 1174 bet nlsoPope and Novlllo 8 Phillips, 

/ C S , 1935, 12V, 3553, Ilurnson, Konyon and Phillips, / C #S* t 1020, 2079 1 ^ V 

Bell Tnd G M Bennett,/ C 6 , 1027 , 1798 Foi other compounds of similar t)pe see K V 
Bell and G M Bennett,/ C 1022 , 86 , 1020, 15 F G Matin and SirW J Pope,/ C S t 
1 D22, 1052 
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Lhc oxygen atoms being niiangcd in llio us- 01 tiaus -positions with 
tespecl to each other 




/Cn, CII.V ( 
^CIL CII/ X 

o - 


\ s 


/CII, 

\ 


-o 


/ xju 9 cii 


CII 3X / 
/ 1 


!1 


Lts (.1 Icliinn cl tcniiila 


/tails tlilhinn dio\nIc 


Asymmetry of Cobalt, Rhodium, Chromium and. Ivon Compounds 
Sec Wcmei, Bet , 1912, 48 , 121, 1913, 46 , 3674 

Optically Aotlvo Selenium Compounds 1 See l’opc and Neville, 

PtoCy Chm Soc t 1903, is, 198, 21, 93 

Optically Aotlvo tPln Compounds See Pope and Peachey, Pi oc 

Cfiem i>oc, 10, 42, 11 6 

Optically Active Silicon Compounds Kipping, J C S , 1907, 01 ,209 


TAUTOMHIBISM, DHSMOTROPISM, DYNAMIC ISOMERISM 

There ate a munbci of substances known which appeal to exist 
in one foim only, but give use lo two distinct senes of dcnvativcs, 
Familial examples of this kind aie hydiocyamc acid, which may icact 
as hydiogen cyanide II—C. N cn <is uubimido C--N- IT, and cyanic 
acid, fot which we have the possible fonnulai O C Nil and HO C N 
Such compounds, the constitution of which appeals to vaiy with the 
reagent employed, me called UuUomeuc The woicl tautomerlsm 
thcrefoio, in its onginal sense, denoted a special ease of stinctuial 
laomcrUm, in which only one foim had been isolated 2 

The dullest explanation of thfi phenomenon was based on the 
assumption that the mobile hydiogen atom was in a slate of constant 
oscillation, and in consequence both patent foiins could be imagined to 
be present in the one substance (Laai) B The non-existence of one of 
U10 expected foiins was, liovvcvci, fust explained by postulating the 
occurrence of a labile modification, having a pionounccd tendency to 
undeigo mliamolccular lcauangcmcnt into Lhc stable lsomuidc 

In the year 1880 Ellentncyei stated that all secondaiy alcohols, in 
which the two affinities of the gtottp =CII Oil aie united to anothu 
carbon atom by a double bond, aie at the moment of then fonnalion 
transformed into aldehydes, and m the same vvaylcitnuy alcohols of 
this type (with the exception of the phenols) isomciise into ketones 
Those chemical reactions, for example, which might be expected to 

1 For a summitry of optic ally active compounds con t tuning nuymmotrir atoms other than 
carbon } seo Cohen, Organte C/umisity y Part IT (Arnold) 3 Our knowledge of dynamic 
ISO^erjam has been greatly extended in recent years through the work of 'Thorpe and Ingold 
Th<ae authors adopt lauiowtristn as a general term to cover all examples of chemical change 
r involving the existence of isomers in a state of equilibrium* even though specul conditions may 
1 it#{required to bring about this state (see p 64 ei $e$) 3 The word tuitomciism \\as first 

by Laart in connection with hta theory of oscilUtlona 

i ‘ 1 
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yield vinyl alcohol, CII a —CII—Oil, mvaitably lead to the foimation 
of the isomciic aldehyde, CIIj—Cl 1=0 

Similai conclusions wcie amved at by Bacyci in 1883, fiom his 
woik on the derivatives of isatin lie found that the isomcusm 
exhibited by these dciivativcs (see p 595) disappcaied when the patent 
substance was lcgcncialcd 111 the ficc state Isatin itself could be 
isolated in one foi in only, and the instability of the othei theoretically 
possible isomeride was asetibed to the mobility of an atom of hydiogen, 
the icplacemcnt of which by anolhei gioup lcndcicd this configiualion 
also stable Bacyci called the labile modification the l< pscudo-foim ” 
The oscillation thcoiy of lautomeiism was fiist pioposcd by Kckul£, 
in connection with the constitution of bcn/cnc (p 357), and latci taken 
up by Laai it assumes the hydiogen atom to alternate lapidly 
between two cxlicme positions of eqmhbuum, the alteination piodueing 
a conesponding change of single to double linking, and vice vetsa, 
between two adjacent cm bon atoms 

T he woi k of latci investigate! s, 1 howcvci, has shown the explanation 
advanced by Bacyci to be the couccL one lautomeiism is due to 
the existence of two labile foims in cquihbiium with each olhci,thc 
isomcusm in the majouty of cases being caused by the liansfci of 
a hydiogen atom fiom one caibon atom to anolhei which is in close 
pioxmuty to the fust, accompanied by the necessaiy teatrangemenl 
of single and double bonds Niliogcn may also function in the same 
mannei as caibon m this lnteichange (see p 65) 

Knon has advanced a genetal tlicoiy of lautomeiism which is out¬ 
lined in the following paiagiaphs .Stiucluial lsomcis which difibi only 
in the position of a hydiogen atom within the molecule aic teimcd 
desmoit oJ>es, and in actual piactico the isolation of both isomondcs 
of this type has only been attained in a few eases Tnbcn/oyl methane, 
foi example, has been picpaicd in the two foims 


/COC„II 6 

cue coc 0 n fi 

^COCfllla 
ICcto foi in 



I 7 nol form 9 


In the vast majonty of eases the lsomcudes aic only icalisable in 
the foim of deuvatives, one paient substance alone being known 
Such a subs Lance, as alioady slated, is then called 1 auto met ic 

Taulomciism theicfoic depends pumauly on one compound 
icactmg in two diffcient foims, and thus giving use to two series 
of deuvatives Ihis common ptopeily of all lautomciic compounds 
serves as a gcncial definition of the leim lautomeiism 

1 Whllcenua, Ann , 1896, 201, 147 TlnnlMoh, Ro , 1896, 20, f>99, , 1898, 81, 2854, 

1899, 82, 575, 1733, 3066, 1906, 80, 1084 Knon, inn, 3899, 800, 33a Lowry, / C S , 
1899, 76, an Rabe, Ann, 1900, 818,129 K II Meyer, Amt, 1913,808, 63 ® The term 

"enol” is derived from 11 en,” Indicating the double bond, and 11 ol,” representing the alcoholic 
hydroxyl group 
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Further sub-classification of these substances is most conveniently 
based on the degree of mobility of the hydiogen atom 

In cases wheie both the isomeridcs piedicLcd by thorny have been 
isolated, these are frequently teimed dynamic isomers (Lowiy) oi 
desmotiopic compounds, to distinguish them ftom the single laulonieiic 
substance Desmotiopes aie chaiactcnscd by a tendency to undcigo 
isomerisation into the other foim In geneial, llieiefoic, they aie not 
stable in solution or m the fluid state Solution 01 fusion of cithci 
form usually results in the pioduction of a nnxtuie containing the 
two isomcildes in a state of equilibiium Such a mixtuic is dcscubed 
by Knorr as an “ allelotropie mixture* The rates of isomciisation of 
the two forms may assume all possible values, the same naluially holding 
true foi the latio of the two isomeis m equilibiium, since this itself 
depends on the lelative rates of change 

It frequently happens that the amount of one of the foims in the 
equilibrium-mixture becomes so small as to be negligible In such 
cases this labile form, no longei tiaceablc by analytical methods, 
corresponds to the pseudoform of Baeyci 

On the other hand, if we imagine the foims in an allclotiopic mixluie 
to isomerise with equal and very gieat velocities, we have a picluio of a 
limiting case conforming to Laai’s oscillation hypothesis 

Fluid tautomeric substances , such as hydiocyamc acid (p 323), would 
appear to fall under the heading of allelotiopic mixtmes, except in the 
limiting cases discussed above 

A solid tautomeric substance can, m most instances, be assigned a 
definite structure This, however, cannot be cletei mined with ccitainly 
by chemical means, and recoutse is usually had to methods involv¬ 
ing a comparison of the substance with its derivatives 01 with othei 
desmotropic isomerides of known constitution Physical methods aie 
of the greatest value in this connection 

For examples of tautomerism see isaUn, p 595, acetoacctic cslei, 
p 261, and pyra^ole derivatives, p 614 

A moie general view of dynamic isomeusm has been adopted in the 
extensive researches carried out in iccent years by Thoipc and Ingold 
All examples of dynamic isomerism are classed by these aulhois under 
the heading of tautomerism, including cases m which both fonns aie 
readily isolated or in which the attainment of equilibiium lcquncs 
special temperature conditions or the addition of a catalyst Thoipc 
and Ingold 1 have revived and extended an carliei classification of Laai 8 
by which tautomeric compounds are gtouped according to the type 
of mobile system present, eg dyads, containing two polyvalent 
elements linked together, the labile hydrogen atom tiavclhng fiom 
one to another of these* triads In which the ongtnal polyvalent 

1 Quolque nouveaux Aspects de la Tautomeric, Bull See Chtm , 1923 ■> Bet , 1885, 18, 648 



DYADS—TRIADS 


66 


element'? aic separated by a thud, the II-atom now Uavellmg fiom 
the fiist to the thud atom in the chain, and so on 

Dyads—A simple iepicsentativc of this class is hydiogen cyanide, 
which is piobably a tautomenc mixluic of the stiuctuies II—Ce=N and 
II—N^C (see p 81) Although only one foim of the acid is known 
it yields two senes of alkyl dciivativcs of the types R CN and R NC 
Anothei example is methyl pyiapolc (p 615), which gives use 
to two N-phcnyl dciivativcs and may theiefoie be wntlen as 


IIC 

II 

nc 


c CII 

II 

N 


IIC——C CH 


l 


a 



Nil 


Methyl pyrrole 


IIC Nil 
N 


Triads— Time! systems include a laigc numbci of types, chief among 
which aic the following — 


(1) Three cm bon system 

C- 

~c~ 

-C 

(3) Dia/o amino system 

N- 

-N- 

-N 

(3) Cyanide imidc system 

C- 

-C- 

-N 

(4) Koto cnol system , 

C- 

-C- 

-0 

(5) Atnidmc system 

N- 

-C- 

-N 

(6) Amido imidol system 

N- 

-C- 

-0 

(7) llydrnzone asm system 

C- 

-N- 

-N 

(8) Nilro pseudomtio system 

C- 

-N- 

-0 


Only the moic impoitant of these can be mentioned hcic In the 
following paiagiaphs the use of an allow indicates the alternative 
position to which the hydiogen atom may tiavel 

(1) The 7 h> ee-ent bon System, C==C—CII The possibility of 
IdUtomcnsm of this kind is indicated by the tiansfonnation of (By- 
pcnlcmc acid into the ct/ 3 -acid on being boiled with alkali (Filtig 1 ) In 
this ease both foims aic usually stable and leadily isolated A moic 

cn a efi.cii cn a coon —-cn # ,cir s cii.cn coon 

mobile lsomensm has, howcvci, been shown to occui in the following 
kctonic compounds by Bach, Kon and Non is 2 

XII. CII aV XII, CII 9V 

CII 2 < ^C CU„ CO CII n ^ CII 3 < >C=CII CO CII„ 

\cn a cii^ x cii 2 cn/ 

I II 

These foim an cquihbuum nnxtuie containing a vciy huge piopoition 
of I 

Among the acids investigated by Filtig the dncclion of the shift 
was fiom the f 3 y- to the «y£f-position, Kon and his co-wotkcts, who 

1 Bet , 1891, 24 , 8* , 1894, 27 , 2677 , Inn , 1896, 200, 1 »JCS, 1933, 138 , 1361 



60 TAUTOMEIHSM, DESMOTROPISM, DYNAMIC ISOMEUISM 


have examined a large numbei of cases of this natme, have shown 
that the mobility of the hyehogen atom and the lclativc stability of 
the two forms depends on the naluie of the olhci gioups picscnt in 
the molecule For example, in the £<?/«-diaIkyl aciylic acids and cyclo« 
hcxylidenc acetic acids, the /Qy-unsatuiated dcnvatives aie the moie 
stable 


>c—cn coon -^ 

cir/ 

CIJ t C H, 

n a c<( \c=cri cooii--> 

cH7~cir a 


civ 

J>c— ch 2 . COOII 

cn/ 

cn a _ciio 

II P c/ \c~CII a COOII 

cXITai 


A similar isomeue change occuts m the Uansfoimation ofeugcnol 
into isoeugcnol undci the m(luence of hot alkalis, and in many tcipcnc 
dei Ivativcs 



risgctioi 


CII CII 3 



no 

cn B o 



Isoeugcnol 


cn*cn a cn a 


Glutaconic Acids —Unelci the heading of It lads ai c included glutaconic 

acid, IIOOC CIE a CH Cfi COOII, and its dcnvatives which have 
been extensively investigated by Thoipe and his co-woikets 1 Com¬ 
pounds of this type which contain mobile hyehogen furnish inteiesling 
examples of thicc catbon laulomensm accompanied by gcomelucal 
isomei ism In the case of the unsubstitilled acid, the migiation of 
a hydiogen atom leaves the molcculai sliuclittc unchanged, although 
as has been pointed out by Packet and hoi pc, 2 the movement may 
or may not be accompanied by some mtciconvcision of the as~ and 
tfanS'ZQYi figurations, depending upon the spatial anangement of the 
CllgCOOII gioup at the moment of tiansfei 

The arrangement of tlie constituent atoms in space is assumed to be governed 
by the tendency for similar groups to take up positions as remote as possible from 
one another Such a tendency in the above acids can be satisfied owing to tho 
powet of free rotation about the single bond It would thus bo expected that 
the tautomeric change in the case of traits glutaconic acid would take place mainly 
without alteration In the stereochemical configuration but that the ^j-acid would 
be largely converted into the tram foim, 


In compounds such as aa-dtmclhyl glutaconic acid (I) and aa( 3 -tiU 
methyl glutaconic acid (II), the last mobile hydiogen atom has been 



✓CMe* COOir 

CH< 

^CII COOH 


II 


>CMc„ COOII 
CMe X 

^CII COOH 


^ l 90 $ t # 7 , 1669 , Thorpe and Thole, y* C * 5 *, 1911, GO, 2187, Goss, Ingold and 

Tnorpe,yi c. 19-33^ 128 , 3*7 2 J Packet and J F Thorpe,./ C 1826 , 1199 
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leplaced by an alkyl gioup These acids only exist in the usual cis- 
and //rtwj-isomcudes, of which the fonnci alone yield anhydndcs 
Oidinaiy glutaconic acid, although of the tmns type, also yields an 
anhydudc I he lattci, howcvci, piesumably concsponds to the cti- 
acid, as on lieatmcnl with cold watei it is convcitcd into the veiy 
unstable «j-glutacomc acid 1 Anhydudc foimalion is hcie due to the 
mobility of the glutaconic stiuctiue and is appaienlly ptcceded by 
isomeiisation into the «v~acid 

lautomeiism plays a moie definite pail in the case of alkyl 
substituted acids containing mobile hydi ogen Although many of these 
also exist in two modifications, the isomeiism is not that of the oidmaiy 
gcometucal type 1 hoi pc and Thole thcicfoie suggested that the 
compounds ate mobile taulomcuc substances m which the a- and y- 
caibon atoms function equally Suppoit foi this view is given by the 
woik of Feist, 2 who found that the o/omdes of unsymmctucally 
substituted estcis of glutaconic acid decomposed to give /out ptoducls, 
two couespondmg to each of the two possible positions of the double 
bond, instead of yielding the two pioducts to be expected fiom a static 
compound with the double bond in a fixed position The changes 
may be lllustiatcd by the case of /3-phcnyl-a-mcthyl-glutaconlc cstcL 
which on o/omsation gave a mixtuie of the eslus of bcn/oyl-ncctic, 
pyiuvic, glyoxyiic and a-bcn/oyl-piopionic acids 

EtOOC cn 8 CCCflll#) C(CII S ) COOPt -•> C 0 II B CO CIIj LOOEt | GII b CO COOPt 

EtOOC CH CCC # n 0 ) CIICCII-,) COOPt— >-0 011 COOPt | C 0 H B CO CII(CII B ) COOPt 

Hence thete is a symmctiy about the molecule of glutaconic acid 
which is not conveyed in the usual foi inula with a fixed double bond 
The cailtci suggestion that the stable acids wcie lcptcscnlccl by 
symmctiical foi initial, such as III (“noimal” foim), has now been 

,cn coon >c(cil) . coon 

hi nc<[iil iv ncr 

^Cii coon \cn(cii„). coon 


negatived by the icsolution of uy-dimethyl glutaconic acid (IV) into 
optically active components 11 Such a icsolution could not have been 
effected had the molcculai stiuctiue been of the symmetrical "noimal" 
type, although it is possible that the lattci foim may exist as an 
ephcmetal mtci mediate phase 

Rwg-chmn 7 an font ens tit —Ihoipe and Ingold conclude that m 
cvciy Iliad system lautomeiism may occui between open-chain and 
cyclic foi ms, eg 



yY—Z(IJ) 


1 Mnlachowsk^ Bet , 1929, 63 , 1323 11 FeUt, Ann , 19*2, 438 , 35-75 3 f II* 

McComba, J Pnckcr unci J F ihorpe, J C S } 1 D 31 , 5 
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As an example of this type of change we may mention the esteis I 
and II (prepaied from ethyl a-carboxy-glulaconale, (ElOOC) a CII C II • 
CH COOEt, by treatment with pipendme) 1 Both isomciidcs have 

CEtOOCJjiC—CII=CCCOOB0a _ (EtOOC) a C-CII—GtllXCOOI't), 

(ElOOC) a CH-CII-CtII]CCOOEf) a ~‘ T ~ <T lOOG),,GII~ilI—i(OOOH) a 

I II 


been isolated m the pure state, and the equilibmim is leadily followed 
in solution 

Ail interesting case of ring chain taulomensm which llluslialcs the 
Influence exerted by different alkyl ladicals B is that of the acids, 



co coon vC(oii),coon 

ch, cooii RaC< Xn coon 


Equilibrium occurs in the ptesence of concentiatcd aqueous alkali 
(64 per cent), and the piopoitions of the two foims found in the 
mixture vary strongly with the volume of the gioups R the influence 
of the latter is in agtcement with Thoipc and IngokVs valency deflexion 
hypothesis (p 51) accoidmg to winch ail mci casing bulk m the gem- 
dmlkyl group {eg on passing from Me 2 C< to El 2 C<) icsults m the 
remaining two cat bon valencies being foiced closer together, thus 

tending to stabilise the cyclic foim by relieving the internal stiain in 
the cyclopropane ring 


Seiifis 

Per cent 

Per ccnl 

n v / 

hX 

Cyclic hydroxy-ncid 

K cl 0111c icid 

0 

IOO 

“V 
€11/ \ 

CIIjj~ C1I 2 V y 

(!il— cir.> C < 

0 

IOO 

0 

IOO 


c a ir £ , 

CoH/ 
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38 


CfliVs 

CsH/ 

ch/ 



cn 8 — 

CH*— 





100 



o 


Ini> a-annnlm taniomatsm occius when an equihbnum exists 
between two cyclic isomeridcs with or without the migiation of an atom 

1 Ingold, Pcrren and fhorpo, J.C S t 1922, 1765 2 Doshspaudo mcl Thorpe, f C ?, 

1022, 1430 , Tborpo ami ing'old, Qutlque Nouveau^ Aspects de la lautomene^ p 28 {Bull 
Cfom 1933), also/ C t S t 1933,128, j 13, 1206, 1683 
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of hydiogcn An example of the lattci type ib furnished by the cyclo 
penladienc dcnvalives 1 of the following sliuctuic 


(cn„),c 


X(COOEt)~C COOEt 

v ' s c(coOEt)=c on 



(CII„) 2 C 



C(COOEt)—C COOEt 


(COOEt)—C Oil 


(2) Keio-cnol System, C=C—Oil This includes acetoaccUc estci 

(winch is fully discussed on p 261 et seq ) and many of the well-known 

examples of laulomeiism, the eqiulibnum licie occuiung between the 
foirns Cl I—C—O and C=C—Oil 


CII 8 CO CII 2 COOEt CII, C(OH) CII COOEt 

Kcto form Fnol form 


In addition to othci /3-lcctonic estcis, this gioup includes vanous 
r 3-dikcloncs, such as acclyl-acctonc, CII a CO CIT a CO CII 8 , maloinc 
cstei , cyanacelic cstei , and many cyclic dci lvalives which exhibit the 
piopcilics of both keLoncs and hydioxy compounds, eg' phloroglucinol 
(p 4i£>)( icsoicinol (p 418) and camphoi (p 477) 

(3) Diasoamtno System t N=N—Nil When diapoben/ene chlonde 
is allowed to icact with /-toluidine the pioducl i& identical with that 
obtained fiom the inteiaction of/-dia/otoluene and aniline, although on 

the oidinaiy foimulation two diffcient pioducls would have been 
expected 9 


C fl II s N N Cl l IIjN C 0 n, CII 0 = C 0 II 0 N N Nil Callj.CII,, (rt)! 
CII„ C.,11, N N C! l n a N CoU fi - CII B C fl II, N N Nil C 0 II c Of)) 


1 he two end-pioducts aio thciefoie lcpicsentcd as Lautomeuc foims in 
cqmlibiium with one anothci Ihis view is suppoitcd by the fact that 
when the double bond is clisiuptcd by 1 eduction 01 hydiolysis, fom 
pioducts aic obtained, two coucsponding to each of the thcoictically 
possible foims 8 (Compaic tlncc-caibon system, p 67) For example, 
the above pioducl A gives on icduclion a mixtuio of aniline, and 
/-lolylhydia/inc (fiom a) togcthci with ^-toluichnc and phenylhydia/me 
(fiom b) 

Of) Cyatnde-Imtdc System , C~C=NII Few examples of this 
gioup aic known, one of the best investigated being cyanocamphor 4 

yCII.CN ,C C NIX 

C8rill< \d;o 

which has been isolated m two niteiconvcitiblc foims 


1 W II Perkin nnd J l fhorpe, J t S , 1901, 10 , 729 See aha Ann Rej> Cheni Sar , 
1027 , 117 Meldoln ind SlrciUfidd, / C S, 1887, 51 , ioa, 431 8 Noelting and Binder, 

Hit , 1887, 20, 3004 1 Ilanlrsch nnd Gsmvnld, Bt> , 1889, S3, 641 
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(S) The Amtdo-Imidol System* N~C—Oil, involves an cquihbuum 
between the two structures ^“9 OH and IIN C —O Compounds 

of this kind have long been known m isatin, in doxy 1 and oxmdole (see 
index) 



Isatin 


Another example is cyanic acid, which accoiding to E A Wcmet 1 
rcpicsents an equihbiium mixtuie of the same type, the conveision of 
ammonium cyanafcc into uiea being foimutated as follows — 


NH.OCN 



Nil, + 


HO CN 

\ \ 


OC Nil 



IIN C 



NII 8 

O 


IIN C 


,NH 2 

^OII 


Werner also icgards urea as exhibiting similat lautomerisin 

yNIIj yNILj 

o c< ^ no c< 

\NH a ^nii 


(6) A tut dine System* N—C=NH A simple example of this Iliad 
system is cyanamlde,® which is probably an equihbiium mixliiie of the 
type N * C NII a IIN C NH The unsymmeti ical formula is 

supported by the formation of cyanamidc fiom cyanogen chlondc and 

ammonia, CN C 1 + NH S -^-CN NII a + IICl Cyanamidc yields two 

isomeric series of alkyl derivatives, pointing to an alternative stiucturc 
Dicthylcyanamide on hydrolysis with acids decomposes into dicthyl- 
atnmc, ammonia and carbon dioxide It is thotefoic foimulalcd as 
N S C NEt a 

N C NEtjj + 2H a O = NH # h CO a H IINEt 2 

The diphenyl derivative, diphenyl caibodumidc, on the othei hand, 
yields under the same treatment amline and carbon dioxide, and is 
assigned the symmetrical structure 

C<,H 5 ,N C-N C 0 H 6 + aII a O = aC 0 H e NH a + CO a 

Taulomcrism of this kind was early discovered among the amidmes 
by von Pechmann 8 

1 J C, S , *913, 103 , roio, <1275 ) 923 , 1915, 107 , 715 , 1918, 118 , 694, 1919, 

116 , 1093 a E A, Werner,/, C J, 1915, 107 , 715 3 Btr , 1895, 28 , 869, 239a , 1897, 80 , 

i?Mi 1783 
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(7) Aao-Hydrazone System, C=N—NH Laai 1 pointed out that the 
product (I) obtained by the interaction of diazobenzcnc chloude and 
naphthol is identical with (II) prepaied from phenylhydia/ine and 


a -naphthoqiu none 


Oil 



I 



N N,C fl H e 





G 


Probably there is actually an equilibrium between the two possible 
forms, one of which is so unstable as to disappear m the final pioducl 
Similarly R Meyer found that when diazobenzene chloride is 
combined with sodio-malomc estei and the pioducl hydiolysed, the 
substance obtained is identical with that prepaied fiom phenylhydiazmc 
and mesoxahe acid It may thesefore be tepiesented cithci as a 


C fl H 6 N a Cl + NaCII(COOEt) a >• C a II 8 N N CH(COOII) a III 

C 6 H 6 Nil NH a -1 0 C(COOH) s —> C a H 6 Nil N C(COOII) a IV 


hydrazonc IV, or as an azo-compound III 

C=N— OH 

(8) Nitto-Pseudomtro System, 11 This type of isomensm 

O 

Is exhibited by primary and secondaiy nitro compounds and is fully 
discussed on p x 56 


c 0 h 6 cii 2 


C fl II 6 CII=N^ 


Oil 


PHYSICAL PROPERTIES OF ORGANIC COMPOUNDS 8 

In respect of physical properties there is no geneia! diffeicncc to be 
traced between carbon compounds and those of othei elements 

In, modern times the investigation of physical propci ties has become 
of gfeat importance m the study of organic compounds, being of value 
not only for the purpose of Identification but also as a means of attacking 
the problem of molecular constitution 

1. Colour® 

Among those properties which make their appeal directly to the 
senses that of colour stands out prominently, Some organic compounds 
possess colour and others are colourless A careful distinction, however, 

1 , 1885, 18 , 648 * Compare Smiles, Relations between Chemical Constitution and 

Physical Properties (Longmans), * See also Cohen, Organic Chemistry, Part II (Arnold), 
and Knuflmann, Ueiei den Zmatntnenhang Munich eu rathe ttnd Constitution bet chtnnschm 
Verbindmgm (Ahrens Sammlung, "Vo! lx , 3904 Also vol xm ) 
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must be diawn between coloui and the ability to function as a dye A 
compound may be stiongly coloui ed and yet have no powei, even with 
the aid of a moidanl, to fix itself on the fibies of cotton, wool or sillc 
Despite much cxpcumcnlal investigation fiom vanous quaitets, the 
problem of the 1 elation between coloui and constitution is still unsolved 
One of the main difficulties lies in the complexity of all the contilbutoiy 
factois So fai, no clear insight has even been obtained into the puiely 
physical piocesses on which the phenomenon of coloui depends, although 
it is known that the appearance of coloui in a compound is connected 
with its powei of absoibing rays of ceitain wave-lengths For a piopei 
undei standing of the i clalionship between coloui and constitution wc 
also lequue to know moie about the innci stiucture and state of vibra¬ 
tion of the molecule At ptesent all that can be said is that a number 
of legulanties have been discovered bcanng upon this point 

It appeals fiom numerous lcscaichcs, earned out foi the most pail 
within the last twenty ycais, that double bonds of piactically any kind 
are the primaiy cause of colour Apait fiom then mcie picsencc, the 
position they occupy within the molecule also plays an impoitant idle 
Following a suggestion of Witt, 1 the lei m chromophore has been applied 
to all those gioups which give use to coloui when allied m suitable 
manner and sufficient number with hydiocatbon tadicals In gcncial, 
howevei, the full development of coloui is not attained m combination 
with hydiocaibon ladicals alone, but only when the influence of the 
chiomophore is stiengthened by the picscnce of ceitain othei groups, 
which Witt calls auxoohromes The most impoitant chtomophoics 
are the gioups 

C=C, C= 0 , C—N, N—N, N a O, N =0 

Cm bony 1, A?o , Azoxy-, Nitroso group 

Among coloured hydrocarbons may bo mentioned fulvene/ which contains 
three of the groups C~C The presence of one oi even of two such groups 
docs not lesult m the production of any colour Anothei comparatively weak 
chromophore is the carbonyl group Colour is first noticeable m the presence 
of two of those, and then only if they ate in vety close proximity to one anothei 
Thus dmcctyl, CIX a CO CO Oil.*, with two carbonyl gioups adjacent to one another, 
is a yellow liquid Ihe a&o group, on the othei hand, is one of the strongest 

cluomophoies, even so simple a compound as duwometlniie, CII 2 <^^, being yellow , 

whilst n/obemene, C 0 II 6 —N=N—C 0 U c , forms oiai^je-ied crystals Another strong 
chiomophoie is the nitroso group, the tiue mtioso compounds being coloured an 
intense blue oi gieen in the liquid state oi m solution 

The physicist Haitley found that btn/cne and many of ils colorulcss 
dciivatives show an absoiption spectium with the short ultra-violet nays, 
and aic theicfoie coloui cd in the wider sense of the Icim In his opinion 
each benzene deixvative may be con veiled into a coloured substance by 

1 Wilt, Bet , 1876, 0, 522 * Thiele, Btt , igoo, 88, 666 
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chemical changes, which result in the displacement of one 01 moic 
absorption bands into the visible part of the spectrum This is 
achieved by introducing atomic complexes into the benzene ung which 
damp its natural period of vibiation These views weie also accepted by 
Baeyei, who, howcvei, chd not considei the damping of the oscillations 
to be the sole cause of the appearance of colom 

The term chiomophore has thus giadually acquued a new meaning 
as a result of recent research The pioduction of colour is believed to 
be due, not so much to the piesence of certain combinations of atoms, as 
to the secondary influence they exert on the molecule m displacing its 
period of oscillation into the visible pait of the spcctium Colouicd 
compounds have also been dtscoveied possessing none of the so-called 
chromophore groups In general, coloui ed compounds ai c those m which 
the atomic auangcmenl so modifies the vibiation of the molecule as to 
produce an absorption band in the visible pait of the spectmm 

The auxochromes, the most impoitanl of which aie the ammo- 
group (NH a ) and the hydroxyl group (OH), may act in two ways On 
the one hand they may, by their presence, endow a substance with the 
capacity foi salt formation, with the possible pioduction of a dye-stuff, 
and on the other, their introduction may lead to a deepening and 
intensification of the oiiginal colour Those compounds containing a 
chromophore group, in which the enhance of an auxochiomc pioduces 

a more sttongly coloured substance or dye-stuff, arc teimcd chtomogenes 
by Witt. 

In many cases the sharp distinction implied in the scpaiation of 
groups into chromophores and auxochromes is scaicely justified, since 
the latter may be able to function as the foimei in calling foith the 
characteristic colour 1 

It will be noticed over and ovet again m connection with the 
discussion of coloured substances and dye-stuffs, that there is a sliong 
tendency to associate colour with the presence of double bonds and in 
paiticular of a qtunonoid structure m the molecule 

The suggestion frequently advanced, that colomless substances may 
develop colour by simply passing into the ionic state, has been definitely 
disproved by Hantzsch The colour of a compound is independent of 
the presence or absence of ions 

Phototroj>y 2 IS the property possessed by some substances of changing colom 
according to Ilia intensity and wave length of the incident light It has been 
thoroughly investigated In the case of the fulgides by Stobbe 

That the colour of solid matter varies continuously with the 
temperature has frequently been observed with oigamc compounds 
The backward and forward continuity of the colour alteialion is a 
special characteristic of this kind of revetsible cliangc Stobbe, by 

1 Ilnntzscli, B ( r t rgo6, 80 , 1091 a Stobbe, Am , igo8, 85 a, i Ber, 1913, 40, 1326 
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whom this phenomenon has also been examined in the case of the 
fulgidcs, 1 has desciibcd such compounds as thei mocht omatic 

Foi a discussion of the piopcity of fluoi escencc, sec Cohen, Organic 
Chemistry, Pait II (Arnold) 

2 State of Aggregation of Organic Compounds, Crystallisation 

Comparatively few oigamc compounds ate gaseous at the oidtnaiy 
tcmpcratuic, the majonty of them exist noimally in the liquid or solid 
slate In the lattei case they may be amoiphous 01 ctyslalline Of 
these, the amoiphous substances appioxunate mote closely to liquids in 
then molecular condition, and their manipulation in the laboratoiy offeis 
much gieatei difficulty than that of ciyslallme compounds The 
crystalline foim of an oigamc compound is often an impoitani cnlcnon 
of its identity 

To purify a substance by crystallisation, it is usually dissolved by heating with 
a suitable solvent, filteied fiom any undissolved impuntics and the warm solution 
allowed to cool The gieatei pait of the dissolved matcnal then scpaiales in 
the ctyslalline slate, while the smalt impuntics lenvun dissolved in the mother 
liquor Crystallisation is also employed for separating the individual constituents 
of a mixture from one anothci (ft actional crystallisation) In some cases the organic 
substance may separate tn the foim of an addition compound with the solvent. 

Many caibon compounds have the piopcity of ciyslallismg m two 
or moie distinct forms, a phenomenon known as chmoiphtsm or 
polymorphism Hcxachioiocthane, foi example, may sepaiatc m 
ciyslals belonging to the lhombic, tuchnic 01 cubic system 

Compaiatively little is yet known as to the telation between 
chemical constitution and the ciystal foim of oigamc compounds 
It has been established, however, that a definite connection exists 
between symmcliy and asymmcliy in molecule and ciystal, and that 
changes m the chemical sliucluie of the molecule also affect the 
confoimation of the ciystal Asymmcliy has alicady been discussed 
in dealing with the sleieoisomcusm of asymmetue caibon compounds 
(p 33) Ihc two steieoisomendcs may diffei in then configmations in 
such a way that they appeal as enanliomoiphous mu 101 -images of one 
anothci Coiicsponding to this we find a sunilai enanliomoiphous 
diffei cncc in then ciystal foi ms 

8, Melting-point 

Undei the influence of heat, solid compounds gcnctally change 
then state of aggiegation and become fluid In many cases, howevei, 
chemical change takes place, followed by decomposition and the forma¬ 
tion of new compounds Those substances that ate fusible without 
decomposition possess a definite mclbng-poml At this point the 
solid and liquid foi ms of a body aic in cquilibtium with one another, 
the melting-point Ihcicfoic coincides with the fieezmg-pomt 

1 Slobbe, Am , 19x1 1 880 , 
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The melting-point is one of the most lmpoi tant physical constants 
of an organic compound In the vasL majouty of eases it is used foi 
the identification of a substance and gives, in addition, valuable nifoi illa¬ 
tion as to the stale of punty While small impuiilics often bung 
about a considerable depletion of the melting-point, laigcr amounts 
cause it regular and protracted melting, so that it is no longci 
possible to determine the point with certainty Phcnantluaquinonc, 
for example, melts at 206°, 2-chloiopheiianlhiaqumone at 236°, but a 
mixture of the two in equal portions melts indefinitely between 160 0 
and 190° 

The melting-point is usually dcleimined in an appaiatus such as 
that illustrated in Fig 16 01 by use of a beakei provided with a glass 

stirrer A few milhgiams of the diy, finely powdcied sub¬ 
stance are contained in a capillaiy tube, closed at its lovvci 
end and made to adhcic to the stem of a theimomclei which 
is immeised in castor oil or strong sulphunc acid Unless 
the melting-point is quoted as "uncouectcd," a collection 
should be made foi the portion of the meicuiy Ihiead of the 
theimometer which is not immersed in the liquid 

The melting point of successive membeis of a homologous senes 
rises gradually with increase of molccuhi weight, but this is often 
accompanied by a minor alternation of rise and fall thioughout Liio 
series Members with an uneven numbei of cm bon atoms have 
P10. 16. frequently a lower melting point than the preceding compound containing 

one carbon atom less 

Among structurally isomeric compounds, that which is most symmctncslly built 
usually has llie highest melting point Thus of the isomci ic di substituted derivatives 
of benzene, the para compound melts higher than the ortho- or meta compounds 

A knowledge of the melhng-points of matures is of special inteiesi 
to the piactical workei Al a ceitam composition the melting-point of 
a mixtuic of two substances leaches a minimum which lies below the 
melting-point of cither of the two constituents Two substances are 
theiefore identical when a mixture of the two in any piopoi lions has 
the same melting-point as either of the pure substances The melting- 
point and composition of a mixture of substances is changed by lcpeatcd 
fectystallisation, and hence the constancy of the melting-point undci 
this treatment is stiong proof of the homogeneity and punty of the 
starting material 

4, Boiling-point arid Distillation, 

The boiling-point of a liquid possesses the same impoi tancc as the 
melting-point of a solid, and is of great utility in the lecogmlion, 
1 separation and ptirification of those compounds which ate volatile 
without decomposition 

In most cases the boilmg-potnt is determined by the same piocess 
of cjlstillation which serves for its punfication and isolation A 
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distillation flask (see Fig 17) is about Iwo-thnds filled with the liquid, 
and dosed by a coik beating a Ihcimometci, the bulb of which should 
be a little below the side tube of the flask In dealing with easily 
volatile substances the side lube is usually connected to a condensei 
When the liquid is heated to boiling-point, the vapouis escaping 
thi ough the side tube heat the thei mometer bulb on then way and ai e 
again cooled to the liquid foim in the condensei The contents of the 
flask aie boiled vigoiously, and if the liquid is homogeneous the 
Ihcimometci lemains steady thioughout the whole penod of distillation 
at a tempcialuie lepicsentmg the boiling-point If desned, a coirection 
may be made foi that pail of the theimometci thicad not heated by 
the vapoiu, and should the baiomeluc picssutc be othei 
than 760 mm it should be noted, 01 a collection applied 

Many substances which cannot be distilled undei oidmaiy 
batomctric picssuie owing to decomposition, may be safely 
distilled undei diminished picssuie In this case the internal 
piessurc must be quoted with the boiling-point Distillation 
under diminished piessuie is a most valuable means foi the 
isolation and punfication of high-boiling compounds, and 
plays an impoitani r61e in laboialoiy as well as in technical 
work 

A fuithei fotm of distillation, fiequently employed in the 
sepai ation and punfication of compounds sparingly soluble 
in watci, is distillation in steam Many such compounds, 
even those of high boiling-point 01 which cannot be distilled Fig 17 
alone without decomposition, volatilise moic 01 less easily 
when heated with watei, 01 when steam is blown thiough the mixtuie 
The boiling-point of a mixtuie of two liquids, which do not dissolve 
one anolhci, is attained when the sum of then lespccUve vapoui 
picssuics is equal to the external (atmosphci ic) piessuie When this 
is the case both liquids distil Since watci is gcneially by far the 
moie volatile of the two, it follows that the othei liquid distils at a 
tempcialuie much below its noimal boiling-point Steam distillation, 
Iheteforc, is meicly a special case of distillation under diminished 

pi CSSlll c 

In oulci to isolate the individual constituents from a mixluto of 
volatile compounds we make use of fiactional distillation This selves 
as a means of separation when there is a sufficient diffciencc between 
the lespccUve boiling-points of the constituents Only if the boiling- 
points of two liquids lie far apart is it possible to attain a compai alively 
complete separation in one distillation In this case the lower boiling 
compound comes over fiist at an appioximatcly constant tempei ature, 
which then uses lapidly to the boiling-point of the less volatile 
compound, this finally distilling ovci puie Gcneially speaking, 
howevci, it is not possible to obtain even an appioximate sepai ation in 
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this way by a single distillation, and the pioccss must be lcpeated 
several times The efficiency of the operation is gieatly mcicascd by 
making; use of a device known as a fiactionating head (as designed by 
Wurtss, Ilempel, Young and olhcis) which bungs about a paitial 
condensation of the escaping vapour, returning the liquid so foimed to 
the distillation vessel In technical walk a similai pmiciple is adopted 
m "fiactionating columns” (and dephlegmalors), such as ate descnbed 
later under the pmlfication of alcohols and benzene hydrocaibons 

I-Copp was the first to point out the relationship existing between 
the constitution and boiling-point of an oiganic compound, and although 
the Jaws derived by him have not ptoved genet ally applicable, they 
nevertheless gave rise to a number of othei fruitful investigations on 
the subject 

In a homologous series the boiling-point usually uses fiom mcmbci 
to member with increase in moleculai weight In the case of the 
normal primaiy alcohols, for example, the boiling-point uses at fiisl 
fairly regularly by 18° to 22® foi each additional CII 2 111 the molecule 
This increase gradually diminishes as wo pass up the senes With the 
mixed aromatic hydiocarbons, the enhance of a CII B gioup into the 
side chain pioduces the same difference m boiling-point as with the 
homologues of the fatty scries, te , about 18 0 to 22®, the enhance of 
a Cl-Ig group into the benzene ring, howevei, 1 discs the boiling-point 
about 30° 

Regularities may also bo traced between the boiling-points of 
compounds which do not belong to the same homologous senes, but 
show a definite structural relationship to one anothei Thus an 
Oiganic acid is commonly found to boil about 40° higher than the 
corresponding primaiy alcohol, and about 45° lughei than its ethyl 
ester 

The boiling-points of the corresponding normal hychocatbons of the 
series C ft II a „, and C w II Sft _ 8 appioxtmale closely to one anothei 

(f * ^ 18 ^79 > ) 

In the case of Isomeric substances which diffei m the conshuchon 

of their carbon chains, the highest boiling-point concsponds to the 
normal structure m which no side chains are picsenl As soon as side 
chains appear the boiling-point is lowered, and the more blanched the 
carbon chain the greater is the cliffeiencc obseived 

A mong regularities in the aromatic series it may be mentioned that 
ortho-substitution products geneially have somewhat highei boiling- 
points than the isomeric meta- and para-compounds 

5 Solubility 

Many carbon compounds are more or less leadily soluble m water, 
for such as are not we may employ as solvents alcohol, ether, hgioin 
(petroleum ether), glacial acetic acid or benzene, as well as mixtuies 
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of these liquids A selected solvent is frequently utilised in the 
identification, isolation 01 punfiualion ol a compound Ilydiocaibons ) 
aie eilhu insoluble 01 vciy spaungly soluble in vvatu, but if hydrogen 
in these compounds is lcpkccd by oxygen oi the hydioxyl gioup the . 
solubility mcieases, and becomes the gieatci as moic hydiogen is 
substituted The (list membets of the homologous senes of alcohols, 
aldehydes, ketones and acids aie soluble in watci, but as the ptopoilion 
of carbon incieases the solubility m watci diminishes 

6 Density op Spooiilo Gravity 

It has alieady been pointed out that a simple iclalionship exists 
between the density and moleculai weight of a gaseous compound 
(p 13) Some lcgulanties have also been discoveicd foi liquid 
substances in connection with then moleculai volume, 1 e , moleculai 
weight divided by specific giavity Foi fuithei mfoimation on this 
subject lefoicnce should be made to papeis published by Ttaubc 1 

7 Tho Paraoliop 2 

Foi many ytais chemists have sought to cliscovci an additive 
piopcily of compounds which could be measiuerl accmatoly and which 
would be independent of the tompei.ituie, the object being to make use 
of the values so found to obtain an insight into the constitution >of the 
molecules PaiUally successful attempts of this nature weie made, foi 
example, by Kopp, 111 mcasuiing the moleculai volumes of liquids at 
then boiling-points instead of at almospheuc picssuie Recently, a 
function applying to non-associalcd liquids has been investigated by 
Sugden, who make use of the value |P|, lei mod \\\u pa) aihoi > calculated 
fiom the expiossion [P] « M y^l(D-d), in which M lepicscnls the 
moleculai weight, y llu smfaco tension, I) the density of the liquid 
substance and d the density of the vapoui As has been pointed out by 
lowiy, this function is of the nalmo of a moleculai volume, M/D, 
“which has been com clod with the help of the smface tension for the 
ovctwholming infiuenec of an mteinal picssuie langmg m typical cases 
fiom 1500 to 60,000 atmospheics ” The value is thus made independent 
of the Itmpcinluic at which it is mcasuied 8 

Atomic Constants —By compaung the values of the paiachoi foi 
successive membeis of a homologous senes Sugdcn found a mean 
constant diffeicnce foi CIL amounting to 390 Fiom this it is possible 
to calculate the paiachoi foi cm bon and hydiogen Foi example, the 
paiachoi foi piopanc, C 8 II 8 , was found to be 1508, hence by subtract¬ 
ing 3 xCII 2 » 117, it is evident that all ~ 33 8 Fiom a number of 
similai dctoiminalions the avciagc value of 2II was found to be 343, 

J irnubc, A tutus Vot tut/'t, 1899, 4 , 255 See also Cohen, Otgamc Chmtstt y, Part II 
(Arnold) a I he Parachot ami Valency 1 by Sugdcn (Koutledgc, 1930) a Lowry, Nattoe 

1930, p 36s 
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whence H = ly i, This is in good agreement, with that found foi 
liquid hydrogen, H 4 =351 The value foi caibon, C = 4 8, is deduced 
from CH a — H a Othei elements aie calculated in a simiUi way fiom 
the parachors of saturated aliphatic compounds, the paiachoi foi chlonnc, 
for example, being obtained fiom the diffcience between CIIC1 8 and 
CC1, By companng saturated compounds in this mannci Sugden 
derived a huge number of constants chaiuctcnstic of the diffcient atoms 
Sintctuial Constants —In all saturated compounds the contribution 
of the single valency bond uniting the elements is assumed to be zcio 
In Sugden’s wotds, this means that the single bond is chosen as an 
arbitrary zero level from which the effect of other stiuctuics is measuicd 
On comparing saturated open chain hydi ocaibons with those of 
unsaturated and cyclic types, it was found that a definite conli ibution to 
the parachor is made by each double bond, tuple bond and each 3-, 4-, 
5 -, or 6 membeted ring present in the molecule The atomic and 
structuial paiachois thus deduced have been summaiiscd by Sugden in 
the following table 

Atomic and Shuctural Paiachois 


c 

48 

Iriple bond 

46 6 

H . 

1 7 i 

Double bond 

23 * 

N 

125 

3 Membered ung 

16 7 

P 

37 7 

4 p it 

11 6 

O* 

20 0 

5 )> n 

85 

S . 

■ 43 2 

^ a it 

6 1 

F 

*5 7 

O a m eslcra 

60 0 

Cl < 

Br 
l . 

54 3 

680 

. 91 0 

Semtpolar double bond 

— 1 6 


It Is Interesting to note that the same value foi the double bond is 
obtained whatever the nature of the atoms linked togethei , thus the 
double bonds In ethylene, acetone, caibon bisulphide (2) and nitiosyl 
chloride all appioxlmale to 23 2 and the same value is given uiespcolivc 
of whether the double bonds arc conjugated 01 widely separated It 
will be observed that the parachor for the tuple bond is almost exactly 
double that of the double bond, consequently it does not scive to 
distinguish between compounds such as CH a O C N and CII 8 N C O 
The parachoi is thus a function of a very simple type, which is made up 
of two series of constants, one set for the atoms and anolhci foi the 
linkages present in the molecule 

The parachor provided the fiisl expenmental evidence in suppoit of 
Lowry's view that a double bond is not always a double covalence 01 a 
double electrovalence, but may in ccilain cases consist of an clectio- 
Valence superimposed on a covalence (see p 29) Sugden found that 

compounds formerly written with a double bond, the great 
'gfve a value for the double linking of +23 In some conv 
ipo.UhdS) however, a small negative value of —1<6 had to be assumed 
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1‘utLhei examination showed that the lattci substances could only be 
foi initiated as containing a double covalence by bicaking the Lewis 
octet uilc and atliibulmg to one of the atoms paiticipating in the 
double bond a valency shell of ten ot mote elections In all such cases, 
one of the atoms still letains unshaied elections and it is possible to 
picseive the octet lule by foimulating the double linking as a sennpola) 
01 mixed double bond As an ilhistiation of this point wc may mention 
the case of tumcthylamme oxide which is discussed on p 30 

Among olhci compounds giving small negative values foi the double 
bond and which aic thciefoic supposed to contain one or moie semi* 
polai double bonds aie thionyl chlonde, phosphoius oxychloi iclc, methyl 
sulphate, ethyl sulphite, sulphomc cleuvaUvcs and nitio compounds 

Ck MeCk 

Ck>P =*0 (ElO),S =*0 >Sf^ C a II B —N 

Cv McO/ 

On the othei hand deiivattves of cat borne acicl, nitroso compounds and 
nitntcs give the usual values concspondmg to a non-polai double bond 
I he mcasuiement of paiachoi values leads to a numbci of conclusions 
of mtciest to 01 game chemists The values foi ben/ciic denvativcs, fm 

example, au in excellent agicemenL with the Kcknld foimula containing 


thiec noimal double bonds 

6x4 8 ~ 28 3 

II 0 6x 1/ 1 =1 102 6 

3 double bonds 3x232 =696 

fi mcmbeied nng =■ 6 1 

[P] obscived 20(5 2 [P] calculated » 207 1 


A/oxy-compounds have one double bond and one semipolai double 
bond, thus suppoi ling the unsymmeti ical foi mula foi these compounds 

A cuiious anomaly is found foi the 
C fl II 6 “-N=N—C 0 II 6 oxygen value in eaiboxyltc esters, the 

I). paiachoi for which is slightly less than that 

O calculated on the usual foi mula This is pai L 

of the genet al abnotmahty of the caiboxyl 
gioup foi which 110 salisfactoiy explanation has yet been advanced 

Paiachoi measiuemenls have icccnlly been employed 1 as a means of 
dclci mining the stuicliuc of isocyanides, the insults suppoi Ling foimula I 
in place of the bivalent caibon sliuclutc II, advanced by Nef 

I R-Nr^C II R—N=C 



8 BUeotrioal Oonduotlvity 

Since the development of the dissociation thcoiy the piopeity of 
conductivity has been fiequenlly utilised in 01 game chcmistiy, 
pailiculaily foi the solution of Ihcoiclical pioblcms Mention may 

1 D L, II immick, R ' 0 . A Now, N V Sidgwick, and L E Sutton,/ C ^,1080,187O 

F 
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be made of the work of OsUvald and Auhenms on the conductivity 
of organic acids and their sodium salts, and the latei investigations 
of Hant/sch on substances with labile groups 

Determination of the Basicity of an Acid ftom the Electrical 
Conductivity of its Sodmm Salt —Accoiding to Ostwald, 1 the con¬ 
ductivity of the sodium salt affotds a means of deciding the basicity 
of an acid, since there is a definite jelationship between the molecular 
conductivities of the alkak salts of mono-, di- and tubasic acids, 
between the dilutions of 32 and 1024 litres In the case of the 
sodium salt of a monobasic acid the tnoleculai conductivity increases 
by 10 to 13 units between these dilutions, for a dibasic acid the 
increase fs 19 to 25, and for a tnbasic acid appioximately 28 units 
These dlffeiences are so considerable that they may be used to 
distinguish between mono- and polybasic acids As most sodium 
salts are soluble in water, even when the free acids do not possess this 
property, the method is of great utility. It fails, howevei, if the 
acid is so weak that the salt is considerably hydrolysed in aqueous 
solution 

St/ ength of Acids and Bases Influence of Substitution on the Dtss octet 
tion of Acids 2 —Ihc conductivity has been found to give a mcasuie of 
the strengths of acids and bases in so fai that the sliongei acid or 
base js the better conductoi On these gtounds Airhcnius in 1884 
suggested that the strength of an acid was piopottional to its con¬ 
ductivity, or rather to its dcgiee of dissociation A conesponding 
relationship also holds for bases 

It has long been known that the stiength of an acid such as acetic 
acid Is Increased when a hydiogen atom is tcplaccd by chlorine 
Thus monochloiacetic acjd, CIT S C1 COOII, is distinctly stronger than 
acetic acid, ClI* COOII, dichlotacetic acid, CIiCl 2 COOII,is stronger 
still j and tilchloracetic acid, CC 1 0 COOII, even moie so The same 
sequence is to be obseivecl in the dissociation constants IC, foi which 
Hant/sell found the values 

CII* COOII CH a Cl COOII CIICl 2 COOII CCl fl COOII 

1: 80x10-* 155x10-* 5,140 x 121,000 x 10” 5 

A similai mcicase in acidity occuis when hydiogen is leplaced by 
many other substituents, although methyl and amino gioups dimmish 
the value Different substituents affect the acid stiength of acetic 
acid in the oidci N 0 2 >CN>C 00 H>Cl>Bi>I> 0 CII a >H>CII 8 

In the case of benzoic add substitution in the oilho position cxeits a 
greater influence than in the meta 01 pat a position, and the above 
Older of gtoups also holds appioximately foi the ^substituted acids 
The fundamental naluic of the change following on substitution is 

1 C& t *88?, 1 , 74, 1888, 2 ) 901 , also Walden, Z phys Ck , 1887, 1, 529, 1888, 

ft, 49* a Sec also PlUraehelm,y' C 1909, 96 , 718 
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shown by the fact that the same sequence of gioups is often lcpeatcd 
in then 1 dative effect on olhci piopcilies These polar lcgulauties aie 
sometimes of value m solving pioblcms of constitution 

tJnaatuiated Aoida — the presence of a double bond m an acid mises tlie acidic 
strength, eg, hexoic acid K= 00146, «p hexemc acid I<>= 00189, 07 Iiexemc acid 
K= 00264, 7 ® hexemc acid K= 00174, Se Iiexemc acid K= 00191 The alternation 
in vatucs as the double bond is moved away from the caiboxyl gioup has been 
explained by Fluischeim 1 on the basts of a maximum disposable affinity foi each 
atom, the distribution of which vanes accoidmg to the othci elements present 
and the manner in which they ate united A double bond does not utilise the 
whole of the affinity conesponding to two valency bonds, and theie is theicfote 
a smplus to be distributed elsewheic This leads to an alternation of sttong and 
weak links in the caibon chain as indicated in the foi mill re 

I R CII CII — II R CII Oil—CII»-C 

NO—II \ 0 -II 

In I the lomsnblc hydiogen atom is more fiimly united to oxygen than in II The 
Intlor compound will therefore ionise mote icadily and be the stiongci acid. 

A similai explanation has been applied to the influence of substituents 

Hydrolysis—In aqueous solution the salt of a weak acid ot base 
tindeigoes a pailial decomposition Icimcd liydtolysts A solution 
of aniline hydiochloiide, foi example, contains besides aniline hydio- 
chlonde a ccilam amount of fice aniline and fice acid, the lattci of 
which is in addition subject to clectiolytic dissociation These con¬ 
stituents of the solution exist m a stale of cquilibiium which vanes with 
lerapctalmc and concenliation In a similat mannci a solution of 
sodium phenolatc contains a piopoition of fiec phenol and sodium 
hy dt oxide Watct thci efoi e possesses the pi opci ly of pai tially libei ating 
weak acids 01 bases fiom then salts The amount of hydiolysis may 
be deLct mined quanliUtively by conductivity mcasmemenls and a 
vat icty of olhci methods 2 

In a somewhat chffcient sense the tcim hydiolyus is employed to 
indicate the decomposition of eslcts, amides, nitnlcs, etc, thiotigh the 
agency of walet (sec pp 147, 202,205) Gcncially speaking, the icagenls 
actually used in such cases aie acids and alkalis which bung about 
the icaction with gtcalei velocity and completeness 

9 Polar Properties of Organic Compounds 

Wilhm the last few years consldeiablc piogtess has been made in 
our knowledge of the elcctucal slincliuc of compounds, moic especially 
with 1 efcrcnce to the changes pioduced by substitution It has long 
been usual to classify substituent gioups as electronegative 01 cleetiopositive 
in type, according to then influence upon the ionisation of acids and 
bases Eleclioncgalive gioups, in geneial, incicase the dissociation 
constant of an organic acid, whilst electropositive gioups lowci the value 

1 J C S, 1909, 86, 718 * Sec Fmdlny, Pi ncttoal Physutal Lhtmtshy (Longmans) 
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But it is only recently that the work of Debye, J J Thomson and o the is 
has enabled us to give a precise and quantitative meaning to the polarity 
of substituent groups The present standpoint may be summansed 
briefly as follows 

The electrical centre or centre of gravity of the elections m a mole¬ 
cule may or may not coincide with that of the piotons In the foimei 
case the molecule will be non-polar with icspect to an external held, but 

in the lattei case it will behave as an electucal 
doublet 01 dipole If wc repicsent the molecule 
* diagiammatically as in Fig 18, the positive and 
negative cenlies (01 poles) may be indicated by 
•f and — respectively, sepaiated fiom one another 
by a distance d Obviously the molecules will have 
a definite tinning moment in an electucal field and 
will tend to arrange themselves uniformly in such a mannci as to pioduce 
a system of minimum potential encigy, a tendency which will be opposed 
by the heat vibration of the molecules The magnitude of the Uuning 
moment depends upon e the chaigc at the poles and d then distance 
apait A quantitative measuie of this function is given by the dipole 
moment, /x, which may be calculated by vaiious methods fiotn data 
refeinng to the i efractivity and diclectnc constant of the compound in 
the gaseous state or in dilute solution in a non-polai solvent such as 
benzene or hexane 1 As a lcsult of many investigations on these lines 
it has been found that hydrocai herns m geneial have an elecLucal 
moment which is either /eto 01 of veiy small magnitude Mono- 
substiluted hydiocarbons, on the olhei hand, give values of /x which nic 
characteristic of the paiticular substituent picscnl and depend only m 
minor degree upon the naluie of the hydiocaibon ladical to which it is 
attached This is Illustrated by the figuics foi denvativcs of ethane 
and bemenc given in. table on p 85, in which the signs + and — are 
introduced solely for the purpose of indicating the elccUopoMtivc or 
electronegative character of the polar substituent Fiulhci confu malton 
of the specific influence of the substituent is given by the woilc of K L 
Wolf* on vauous ketones and of Eircra and Slien ill 8 on the isomeiic 
heptanols 

It appears that in the majonty of cases, at all events, the dipole is 
located within the substituent group or 111 the neighborhood of the 
bond joining it to the adjacent caibon aLom Among clcclioncgalivc 
groupings 4 the positive end of the dipole is directed lowaids the paienl 

1 riio external field will also tend to distort the dipole to nn extent depending on the strength 
of the field nnd tlto deform ability of the molecule For further details refcicncc should be made 
to Poiat MtkarftSi by P* Debye (Chemical Cntnlogue Co, New York, 1928) , Hr/gcmlahl, 
Thesis (Copenhagen, 1938) 3 K L Wolf, Zett fi&ys Chetn 1939, 132 39 ® Errcra and 

^herrill, J A C* S t 1930, 63 , 1993* 4 Probably tinny substiUienU ire composite dipoles* 

The fiilro-group, one of the moat powerful pohr groups, cont'uns a semi-polar double bond 
(see p* 81), which results In the N and O atoms being respectively positively md negatively charged 
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Jxydiocaibon ladical, the tevci&e auangement holding' foi electiopositive 
gjtoups 

f- — | — — 

H a C Cl II 8 C NO a II a C NII a 


Dtpole Moments 0/ Compounds 1 


% 1010 

& X IQIB 

C b H„ Nil, 

H I 31 

CbII, nil 

* 1 5 


0 

C 0 II 0 GIL 

* 0 1 

G fl % GOOII 

- 0 6 (?) 

C,II, 

0 

C a fl c 0 C a II 6 

- n 

c fl n p coon 

~ 0 9(0 

c 4 n 5 on 

- 1 7 

GalL OOIL 

- 1 2 

c 8 n 6 1 

- 17 

Calls I 

- I 25 

C^IIa Br 

- 1 9 

0,11, Br 

" i 5 

C B Il e Cl 

- ao 

Onllfl 01 

" 1 5 

c,u 8 cno* 

"27 

G fl Il. Oil 

- 1 7 

C,II, ON 

“ 3 3 

Cfitlp Clio 

- 28 

C.H. NO. 

- 4 0 

CaII s GN 

- 3 8 S 

# Ily muitoty witH OK a OIiO 

C 0 IIs NO fl 

~ 39 


The different onentalion of the dipoles 111 these two classes of 
substituents is deduced fiom the behaviom of the disubstituLcd ben?cues 
t>y a method suggested by J J Thomson 2 0-Dichloiobeiuene, foi 
Instance, has a much gieater moment than chloiobenzcne, because the 
two CCI-dipoles in this compound aie ai ranged in such a manner as to 
1*einfoice one anothei /-Dichloiobcnzene, howcvci, behaves in a 
■Liiaifoim clectncal field as a non-po]ai substance, giving n = o In this 
case the two CCI-dipoles aie oncntcd in opposite dncctions and then 
effects cancel out Similaily Cl and NO a being both of the clcctio- 


C1 Cl Cl Cl 



Cl 

155 225 148 o 

negative type, it is found that among the mlio chloioben zones the 
<?-compound (/*= 3 3 78) 8 gives a highei moment than the in- (fj.= 3 18) 
or ^-compound (jx =>2 36) Among the methyl aminobcnzoates, however, 
wlieie the two gioups aie of the opposite type, the moment is least 
(/x =10) m the ( 3 -compound, of mleimediate value (jx~ 24) in the m- 
aiid highest 3 3) in the /-compound in which the dipoles leinfoice 
one anothei Relationships of the same kind aie exhibited among the 
and z 7 <mf-isomendes of the ethylene senes 

Symmctncal molecules such as cai bon bisulphide and caibon tetra- 

1 The majority of those values Inyo been determined by J W Williams, C P Smith ind 
JT Xi</jjctul'dil, and are taken from Debye’s Point t Molekeln (Ldprig, 1929) Some of the figures 
are possibly subject to minor corrections 2 J J Thomson, Phtl Magi J 9 3 li 48 , SI 3 

® A.11 these values of are to be multiplied by 10- 18 
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chloride possess zero moment, but it appears that in compounds of this 
type in which the substituent gioups aie of a moic complex nalute the 
moment may have a finite value Pi obably in such cases the molecule 
assumes an unsymmetncal at 1 angemenl because of the foices of 
attraction or repulsion cxeiled by neighbounng gioups upon one 
another Thus pentaerythrilol, C(CII 2 OH) it and cei lain of its clei lvalives 
containing oxygen 1 have been shown to have comparatively large 
moments Similar difficulties aie encounleicd m piedicting the dipole 

C(CH 2 OH) 4 CCCIIgOAcJi C(CII i Bi) I 

psx ro~ 18 2 6 x io- J * o 

moments of complex molecules and also in explaining cei tain values of 
disubstituted benzenes As yet the investigation of this subject is still 
in its infancy. 

Evidence is rapidly accumulating to show that many ptopeiUcs of 
compounds, eg dissociation of acids, velocity of chemical leactions, 
optical activity, solvent effect, etc, may be con elated with the type and 
magnitude of the dipoles present in the molecule A few examples of 
this kind aie given in the following table (foi optical activity and solvent 
effect, seepp 90, 92) Heic also the observed lcgulanlics aie occasion¬ 
ally subject to exceptions owing to the operation of distuibing factors, 
the nature of which is not yet fully undct stood 


X 

NU 8 

ou 3 

IT 

OMo 

1 ! 

nr 

01 

on 

ON 

N On 

I 

r . ■ 

H 0 

a(?) 

44 

S9 

11 

76 

15 

19 

21 

II 

Small 

0001 

0 003 

0033 

0 075 

0138 

0 15s 

00x5 

037 

— 

111 

*—■ 

94 

I 0 

— 

0 J7 

041 

047 

— 

— 

0 04 

IV 

oar 

1 00 



— ' — 

1 53 

x 32 

*—■* 

5 71 



I Molecular Inductive Capacity of Call^X, sec II G Rule and T R Paleison, / C S , 
1924 , 2159 

II Dissociation constants of mono-subslituted ncctic acids 

III Velocity of hydrolysis of /-substituted henryl chlorides, Olivier, Rec Uav chwi , 1933, 
*2,516, 775, 

IV Velocity of opening of phthnUdo ring by alkalis, Tasman, Rtc ttav chm , 1927, 46 , f>53 

10 Optical Behaviour, 

A , Molecular Rri^ractiojn, 

The molecular refraction of a substance is the product of the specific 
refraction into the molecular weight 4 

tfi - 1 M 
tf 3 M d 

(where n =index of refraction, M=* molecular weight, density) 

In general it is an additive propel ty, the molcculai refraction of a 
compound being equal to the sum of the atomic lefractions of the 
elements contained in it 

1 A complication is introduced m the case of oxygen compounds owing to the ingle sub¬ 
tended by the two oxygen valencies 


( 
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The following table gives Ihc atomic lcfiactious of some of the elements, in tile 
one column as icfeired to sodium light (Conr.uly), and in the otliei to the ic<l 
hydrogen line (Buthl) — 


klomont 

HorUum light 

Hod hydrogoti 

Him ] 


C 

2 500 

2365 

Carbon m n Bmglo bond 

ir 

I OSI 

1103 


O' 

1 S aI 

I $06 

irydioxyho oxygen 

0" 

1 2 38 ? 

2 328 

0 m the carbonyl group* i 

o< 

I 683 

1 165$ 

O m simple ethers [ 

Cl 

5998 

6 01 f 

1 

Or 

8927 

8 863 


1 

14 120 

13 808 



I 707 

183G 

Double bond between two carbon ntoma 



2 320 

JPriplc caibou linking 


The atomic 1 eft action of iiiUogen vanes considerably iccoiding to the compound 
in uhich it occurs Jlie exit cmc values aic 2 446 and 4 363 foi sodium light, 
and 2311 aiul 4 io£ foi the icd hydiogen lino 

From the above data it is possible to calculate the molccuiai 
refraction of a settes of compounds by summation of the atomic 
refractions, and for the most pait the values so obtained aic In good 
agreement with those deteimined by oxpciiment 

As may be seen from the table, the atomic icfiaction of polyvalent 
elements, such as carbon or oxygen, vanes with the slate of combina¬ 
tion, and from the expeumen tally detei mined molccuiai lefiaclion it 
is therefore possible to diaw conclusions as to the constitution of a 
compound Valuable walk in this spheic lias been earned out by 
Bruhl and Auwers, who have shown that molccuiai tefi action and 
dispctsion are partly additive and paitly btrucLuial 111 chut actor 

lhc molccuiai tefi action of benzene, foi example, points to the 
presence of thiec double bonds in the ring, coucspondlng to the 
fotmula of Kekul <5 Accoidmg to Biuhl 1 the molccuiai icfmcLlon «ilso 
affoids a means of distinguishing between the keto and cnol foi ms of 
desmoliopic compounds, since the double bond of the enol foim betiays 
itself m the chai act ensile value of the cLhylenc bond 

hoi infoimation as to molecular disporalon sec Cohen, Otgaun 
Che mis ii Part II (Arnold) 

B Opiical Rotation “ 

The theoietical lieatmcnt of optical activity has alieady been given 
m connection with sleieoisomcnsm, see p 32 et seq 

Specific Rotation ■—An exact quantitative o\pi cssion of the dcgico 

1 Brllhl, y phys, Ch , 1900, S 4 , 31 J Lf W tldcn, 11 Uetwr das DrcliungHVormagon 
opt 1 sch iklivcr Korper,” B«> , 1905, 08 , 345 1 I nndolt, Das opfucht IhthungsvaMiSgtn 
organifc/ur Subslamtti unit tltt ptakinchen Anuonlungm daset&en, and cdilioiij ig()8 , G W'ittig, 
Ste> toolttmu (1929) 
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of activity of a fluid or dissolved compound was made possible by the 
introduction of the teim specific tot at ton [a] 

The value of the specific ictation is given by an cxpiession such as 



«■ x xoo 
/x c 



a X loo 
I'Adxp 


in which X lepicsents the wavelength of light employed, a ~ angle of 
lotatiou obscived, t = lempeialvuc, l — length in declined es of solution 
tinvcisedj c — numbei of giams of substance contained in 100 cc of the 
solution, d — density of solution, and p — numbei of giams substance in 
100 giams of solution A clockwise oi dextio lolalion as seen by an 
obseivct using the polaiimcler is wiiUen as *4-, and a counlci-clockwise 
01 laevo jolation as — 

The piocluct of the specific lolalion and the moleculat weight M is 
known as the moleculat totation, and is lcptcscnled as follows 



[a]_M 

I0O 


In this case the hundtedth patt of the piocluct is taken, m oiclei 
to avoid unwieldy numbei s 

Vernation in the Rotation tttti/t Ex pet imental Conditions —Owing to 
the gicat jnlctesl moused m slcieochemical pioblcms a consicleiable 
amounl of cxpciitncnlftl data dealing with optical lolalion has giadtially 
been accumulated In most cases (with the exception of aqueous solu¬ 
tions of ceilain sugais) the specific lolalion vanes with the concentialion 
of the solution, and fiequently also with the natme of the solvent 
employed Unis, foi example, cf-tatlaiic acid is clextioiotaloiy in 
aqueous solution but Jaevoiotatoiy when dissolved m a mixLuic of 
ethci and acetone 

In some instances the location of a fleshly picpaied solution of an 
active substance is found to change piogtcssively with time, until 
cquilibinun is finally attained This is known as mutaiotation and is well 
illustrated in the case of glucose (see glucose, p 298) 'Ihc allcialion 
in activity goes hand 111 hand with an inliamolccular change 

Evciy chemical action undergone by an active compound pioduces 
a visible change 111 the rotation, the magnitude and tlncclion of which 
is dependent on the constitution of the active molecule, as well as on 
the chemical character of the icagcnl employed 

The greatest alterations In specific iolAtion which have so fai been effected by 
chemical action on n given asymmetnc carbon atom, occui when ccitain active 
hydroxy compounds are tieatcd with inorganic substances to foim complexes and 
halogen derivatives In these cases the degree of asymmctiy, and theicwitli the 
optical propci tics, arc often AindanientnUy modified 

Example T —1 ho addition of alkali tungstates, molybdates and urnnaies, and of 
boiylhtim, litaimim and zirconium compounds to certain optically active substances 
produces a considerable change m rotation, as illustrated in the following table —• 
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[•]» 

muc Aolcl 

TatIafIo Aolfl 

Quinta AoCtl 

In aqueous solution 

With ammonium molybdate 

M nlk urnnyl mtrato 

- a° 

1 740 

- 500 

? 13 2* 

1 780 Q 

\ 265 0 

“ 43 

- 65 0 

- 103 0 


Example II —It has been shown by Walden 1 that unexpected changes occui 
during: die mterconveision of the active malic and chloiosuccinic acids, vir — 

(a) By the action of phosphoius pentachlonde laevotoUUory malic acid, or 
its ester, is converted into dextiorotatory chloiosuccinic acid, 01 its estoi 

(< 5 ) Laevoiotatoiy chloiosuccinic acul is converted by ceit.un leagcnts (ep 
silvei oxide) into laevoiotatoty malic acid, and ^chloiosuccinic acid mto the 
corresponding d malic acid On the othci band, otlici leagcnts (potassium or 
ammonium hydioxide) conveit /chlorosiiccimc acid into Amalie acid, and 
d chlorosuccmic acid into /malic acid Fmtlici mformalion on this subject is 
given m a later chapter (see p 278) 

This change in configm at ion—generally known as the l Valdm mveiston—l ms 
been furthei investigated by Emil Fischer® The cycle of changes discovcied 
by Walden between the active malic and halogen substituted succinic acids lias 
been extended by Fischer’s discovery of the similar scries of changes undergone 
by the a amino and the a halogen acids The latter investigatoi also piovcd 
that the same substitution leaction may produce different optical icsults when 
small changes are made in the groups united to the asymnietiic carbon atom 

The explanations of tlie phenomenon given by Fiscliei and Werner agieo in 
assuming the formation of an intermediate pioduct 111 which pmtial valencies 

aie involved Hence the Walden mvcision may be closely ielalcd to tlio piocess 
of substitution 

An explanation based on the clcctiomc theory has icccntly boon advanced by 

J Kenyon and II Phillips, ansing out of an investigation of the changes iindoigonc 
by derivatives of lP octanol , 

Moleoular Constitution and Magnitude of Rotatory Power 

Many attempts have been made to connect the constitution of an 
optically active compound with the magnitude of its lolatton Guye, in 
1890, suggested that the lotatoiy power was dependent on the degree of 
asymmctiy of the compound, as calculated fiom the masses of the four 
radicals and the distances of thou ccnlics of gravity from the asymmoti ic 
atom to which they aio attached In the same ycai Chum Biown 
advanced the hypothesis that the lolatton was a function of the 
chemical constitution as well as of the mass of each side chain Whilst 
Guye’s theoiy piovcd to be untenable m the light of fiulhci icstnich, 
later investigations have indicated that the same constitutional influences 
which aic exhibited 111 piopcities such as inductive capacity, dissociation 

1 Walden, Bet , 1899, 82 , 1855 * F.scher, Am ,, 1911, 801 , xz 3 Werner, Aim , ion, 

883, 65 Seo also the comprehensive survey by W ilden 0jilts die Umleh, u m tt scheutune, n 

CViewcg and Son, Brunswick, 1919) 3 J Kenyon and II Phillips, I tans I at ad &oc , 

IflBO, 451 



90 


PHYSICAL PROPERTIES OP ORGANIC COMPOUNDS 


constants and velocity of chemical reaction are also to be obseived in 
optical activity 

Cyclic compounds having asymmeluc atoms in the ling commonly 
exhibit higher rotations than those of open-chain type, and the 
proximiLy to the asymmetue centre of tinsaluialecl linkings (especially 
when conjugated) also lends tolaise the lotatoiy powei An mteiestmg 
constitutional legulauty was discoveied by Franldand and confiimcd in 
numerous cases by Pickaid and Kenyon and then co-woi kei s In a 
homologous series, the smooth cmve lepiescntmg the lotatoiy powets 
frequently shows sudden deviations as the glowing chain attains a 
length of 10, 15, etc, atoms This is explained on the basis of 
Bacyei's Strain Tlieoiy, on the supposition that the gi owing chain 
assumes a spiral formation in space, so that eveiy mcicasc of 5 01 6 
atoms again bungs the free end into the ncighbomhood of the beginning 
of the chain Such abnormalities are also found in olhei piopcities of 
homologous compounds (see pp 351, 413, 418) 


Influence of Polar Substituents contained in the Active Molecule 


One of the earliest leseaiches beaung on this point is that of Betti, 1 
who examined the rotatoiy poweis of a nnmbei of SchifPs bases (II) 
prcpaied by condensing <tf-/3~naphthol-benzylaminc (I) with 


I C fl II, 


II 

i 


II 


Nil 


II 


C 

c 



10 


II B OII 


ioIIbOII 

benzaldehyde and various substituted benaaldehydes On mlioclucing 
substituents into the benzaldchydc ling it was found that then influence 
on the lolatory power of the SchifPs base concspondcd appi oxunalcly 
to then effect on the dissociation constant of benzoic acid 

Similar relationships have been obseived among othei optically 
active deuvativcs by Rule and co-woikets The lotatoiy poweis of the 


Homogeneous 1 Menthyl Eiteis of Monosubstttuted Acetic Atids % 

-X CII S cooc 10 u 19 


sr 

fl X 1-018 


h X 105 

NMe. 

II 

cru 

COOII i 

OCIU 

on 

Dr 

1 Cl 

CN 

1 I i 

4* I 4 

±0 

-to 

~o 7(0 

- I 2 
-IJ 

” 1 5 1 

-1 5 
»38 

-15+6" 

156 9 

15 7 S 

160 2 

160 2 

165 

165 (at 9 

169 

171 

l ?4 

Small 

it 

1 8 

1 4 
tbo 

33 

15 

1$ 8 

370 


1 Fora summary see M Belli, Gatar, chm dial, 1923, 68 , 424 , T>ans Farad See, 1980 , 337 
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/-menthyl estcis of mono-substituted acetic acids, foi example, weic 
found to met case with the dissociation constants h of the acids 1 An 
even closei agt cement is obtained (by companng the lolatoiy poweis 
dncctly with the dipole-moments ijx) chat acteiiStic of the substituent 
gioups (see p 84), as may be seen fiom the pi seeding tabic a 

Polai influences of the same natiue have also been liacccl 111 the 
moleculai lotations oi l menthyl etheis, 3 and of the l menthyl ancl /S-octyl 
estcis of substituted benzoic acids 4 

Intimately connected with this question is the modification in 
lotatoiy power which occms when an optically active acid 01 base is 
conveitcd into a salt 

As indicated below, the elccliical influence of a polai gioup upon the 
hydiocaibon chain to which it is attached may be supposed to depend 
on the natuie of the neaiei end of the dipole, and in the ease of the 
caiboxyl gioup is theiefoic positive in chaiaclu On the othet hand, 
the conesponding influence of the ammo gioup is negative When the 
acid oi amine is ionised as in the pioccss of salt foimalion, vve may 
consider that an electucal chaige is supciimposed which lends to 
revel se the 

+ - O - h CD 

R COOH —^ R COO, R NIX, —-> R NIT a 

noimal polai effect of the ionised gioup upon the chain 1 

The result of these changes may be obsetved not only in then 
effect upon the ionisation of a second caiboxyl gioup pi esc ill in the 
molecule, but also in the optical changes undugono by many active 
acids and bases of simple constitution In the foim of then sails these 
compounds fiequcnlly exhibit a gicatly diminished 1 otntion oi even a 
level sal of sign Examples of this kind aic lactic, mclhoxysuccimc and 
valcnc acids, and amylaminc, nicotine and conunc 

cii 8 ciioii coon c 8 ii n Nn 3 

</-Luclic acid, [M],, 1 33® Amyhmmc, [M]jj - S 3 0 

(in 11-1101, c = S) 

Sodium Bill, [M] D -10 9° Hydrochloride, [M]jj I 117° 

(in water, < a 5) (in alcohol) 

In moie complex compounds, the dncction of the changes in 
lolation may be affected by the constitution of the icsI of the molecule 
But even in such cases it is often obscived that the mtioiluction of an 
elecliopositivc gioup (NII 2 01 NMc 2 ) modifies the lotatoiy powci in the 
opposite sense to an clccltonegative gtoup (COOII) and that on 
ionisation the chaiactuistic influence is levciscd This is illustialcd by 

J II G Rule and J Smith, J C S, 1925, 12 * 1 , 3188 a II G Rule, II II. riiompson 
and A Robertson, f C S, 1080,1887 3 II G Rule ntul II. fad, J C 6 , 1081 , 1929 

1 II G Rule, /taut Paiad, 60c , 1080 , 321 
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the following rotatoiy powci s, [M] CJOl (m alcohol, c~ 5 )> J elating to 
/-menthyj benzoate and Us oitho-caiboxy and oitho-amino derivatives 1 


XOOC 10 Hj o 

C 0 H 6 COOC ao H 1(( * C 0 Il/ 

^COOII 

- 275 0 Acid - 346° 

Sod silt - 360° 


XOOC 10 II 1B 

0 

x NMe a 

Amine — 2 so" 
Hydrochloride - 292 0 


On the olhci hand, sulphomc acids aie alieady sltongly ionised in 
aqueous solution and undergo lelatively little change in lolation on 
being converted into then salts 

Fiom these investigations Rule has concluded that the lolation of 
an active compound is mainly dependent m sign and magnitude upon 
the natuie and airangcmcnl of the dipoles in the molecule 


Solvent Influence 

In gcneial, the lotatoiy powet of a dissolved substance vanes with 
the natuie of the solvent, the vauations being in some cases of suipusmg 
magnitude The task of establishing a connection between the lotatoiy 
power of the dissolved substance and the constitution of the solvent 
molecule has piovcd a difficult one, but definite piogicss is at last being 
made by studying the pioblem from the polai standpoint 

In 1926, Rule and Mitchell 8 found that the molcculat lotations of 
various aliphatic octyl estcis weic dcpicssed by soluLton in solvents 
derived fiom benzene, the extent of the change being dependent upon 
the pointIty of the medium This indication that the lotatoiy powci 
may be related to the polaiity of the solvent has lcccntly been eonfiimcd 
In a sliIking mannci by Rule and McLean 8 in an investigation of 
/-menthy] methyl imphihatatc A few of then obscivcd lotations me 
reproduced in the following table 


Rotaloty Powet s of \-A fat thyl Ahthyl Naphthalatt in Solvents 


Solvent 


M x 10W 

Solvent 

[“llMl 

\K X 10 W 

CI I, NO# 

CIIjCN 

CltiCUO 

cn#i , 

Ctl# OH 

on# coon 

cs# 

ccl, 

CCNOah 

Iloxntic 

Cydojtexnno 

-210’ 

239 

316 

336 

383 

423 

437 

5^>3 

651 

653 

688 

378 

3 05 

2 71 

1 66 

1 64 

0 75 (?) 

O 

0 

0 

0 

0 

C a Il # GN 

C a n# NO# 
CnELCIIO 

0 C/jJkltOlg 

OijIIijW Ilg 

c 0 n„ ci 

0,11# Ilr 

c„u# 1 

C 0 n B OCIla 

CI1 

Call# CII a 

372 ° 

423 

432 

433 

413 

463 

166 

465 

466 

5)3 

5 lG 

385 

380 

2 /s 

2 24 

160 

152 

150 

125 

1 as 

0 

0 


Hero also the highest rotations aic given in non-polai media and 
the vauations m lotatory powei appeal to be governed chiefly by the 

1 II G Rule -md MncGillivray,/ C S', 1089, 401 * II G Rule and R K S Milchell, 

f C -S'., 1020, 3 iot 8 II G Rule and A. McLean,./ C S, 1081, 6G9 Compile also Rule 
anti J Iht],/ C S , 1081, 2652 
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clipolc moment of the solvent The full effect of the mote polat liquids, 
howevet, is not bi ought into play, because the dipoles in such compounds 
aic usually considerably masked by dipole-association 1 (see fig 19), which 
lesults in a gicatly 1 educed external field 

It is piobablc that the changes m rotation aie mainly due to dipole 
association between solute and solvent, although m 
ceilain cases definite union may be involved £ -q or=N 

As we have seen m the pievious section the 0 5 jj—zc n jx 
magnitude of the rotatoiy povvei of a given com- _ i 0 6 

pound is 1 elated to the magnitude and at rangement Fjg 39 

of the dipoles in the active molecule If, theiefoie, 
the electrical field of these dipoles is diminished thiough dipole association, 
cithci between solvent and solute 01 between the optically active 


C=N 

N~C 

1 

Fig 19 


C„H 


molecules themselves, then chaiactcustic influence on the lotation must 
also be lowered In the case of the octyl and menthyl estei s discussed 
above the intioduction of an electronegative substituent increases the 
lotatoiy powei, dipole association with othci polar molecules will thete- 
fore lend to lower it Similai 1 elationslups are observed in a number 
of compounds, although in many cases no regulanties have yet been 
traced 


The rotatoiy power of /-menthyl mcLhyl naphthalato in solution foims 
one of the most complete examples of polai solvent effect yet discovered, 
the fundamental significance of which is not limited to the spheie of optical 
activity We have heie a method of investigating the intciplay of 
moleculai foices which may eventually give valuable infoimation con¬ 
cerning the moie genual pioblem of solvent influence 


C Magnetic Rotaiion 

In the ycai 1845 Faiaday discovciccl the ptopetty possessed by 
tianspaicnt optically inactive substances of 1 dating the plane of 
polaiiscd light when they wcic placed m a magnetic field Moie 
lcccntly, W II Pcikin, sen, 2 has made a caicful study of the relation 
between the constitution of caibon compounds and the magnitude 
of this lotation 


I he liquid tinder investigation, contained in a polaumetcr tube, is placed 
axially between the poles of an clcctiomagnct, on excitation of the magnetic 
field a rotation of llic plane of polaristtion to the right or left may bo observed, 
coiiospondmg to the polanty of the magnets or the dncction of the cuuent The 
lotation lasts only so long as the magnetic field is maintained, and in this way 
differs fiom the lotation pioduced by optically active compounds 

F01 a given tempeiatuic (15°), length of tube (10 cm) and the employment 
of the same sotuce of illumination (usually sodium light), the magnetic rotation 


of a substance is given by the genciai expiession 


oM 

d 


whoic « is the angle 


of lotation, M the moleculai weight and d the density Perlun used water as 


1 See Rule nnd Mcf cm, ht tit J J C S , 1884 1907 
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M 

the standard of comparison, and termed the ratio of the lotahon , of the 

n , M J 

substance to that of water sr the molecular magnetic rotation, wheio a and a' have 

a 

been deterimnccl at the same current strength 

It was found that the magnetic lotation of a homologous senes 
could be represented by the genet a! expicssion (ci + nb) t in which a 
is a constant having a special value foi each homologous senes, n is the 
number of CII 2 groups and b is the diffetetice in lotation cotiesponding 
to a difference of CIT g , the magnitude of which appt ox inflates to i 023 
units The formula holds only for compounds containing at least one 
CH a group in the molecule As in the case of molcculat lcfiaction 
(p 86), the constitution exeits a definite influence on the magnetic 
rotation A double bond, for example, inci cases the constant a con- 
sldei ably, although in a degree vaiymg with the class of compound 


41 Heat of Formation and Heat of Oorntraotion 

The heat of combustion of a substance is that quantity of heat 
which Is developed during its complete combustion, and is usually 
quoted ns the number of caloncs (large) pci gtam of substance 1 It 
is of interest fiom the practical as well as the theoietical point of view 
From it may be calculated the heat of formation and olhci Ihcimo- 
chemlcal data, and on comparing the heals of combustion of chffcient 
substances, certain constitutional regularities aic obseived The 
calorific value of substances uch 111 caibon (such as coals) depends in 
the main on the heat of combustion 

Similarly the heat of combustion is of Impoitancc in connection 
with food stuffs, since these repicscnl eneigy which is utilised by slow 
combustion in the body itself, 

A special method has been devised by Berlhclol foi detci mining 
the heat of combustion, details of which may be found in text-books of 
piactical physical chemistry 

Certain relationships have been established between the constitution 
of organic compounds and the heat of combustion Foi example, an 
almost constant difference of 158 calorics is found foi each chffbicnce 
of dig in the homologous hydtocarbons, and similar legularilics may 
be traced in other homologous scries Among the higher mcmbeis 
of the benzene hydrocarbons, each additional CII 8 resulLs in an 
increment of appioximately 155 caloncs to the heat of combustion 

In the aliphatic hydiocarbons the presence of a double bond laises 
the heat of combustion by 15 5, and a triple bond by 439 caloucs,® 
Consideration of the heat of combustion of atomalic compounds, on 

1 A calorie is the amount of heat required to warm i kg' of water fiom rg* to r(>° 

For further relation a between the constitution and the heat of combustion of imsuturaiecl 
compounds, see Auwer&j Roth, and Eiaenlohr, Amu* 1910, 878, 239, 249, 267, Bt* , 48, 1063 
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the olhei hand, leads to conliadicloiy conclusions icgaiding their 
constitution 1 

As an example of the application of thei mochemical measiucmcnts to 
constitutional pioblcms, the woik of Stohinann on the heat of combustion 
of camphonc acid may be quoted Fiom the expci imenlal data he con¬ 
cluded that this substance was not a denvative of tetiamethylene, but 
either a penla- oi a licxamethylcne cat boxylic acid Recent investigations 
have since pioved camplionc acid to be dcuved from pentaniethylene 

In general, isomcnc compounds develop equal heats of combustion 
when they ate of similai chemical chaiacter, eg, methyl acetate and 
ethyl foimate On the othei hand, if they aie chemically diffeient, their 
heats of combustion also dtffci, thus the value foi methyl foimate, 
IICOO CH„, which has caibon atoms linked thiough oxygen, is 
gieatei than that of the isomeiic acetic acid, H a C COOII, similarly 
the figuie foi dimethyl cthei is gieatei than that foi the isomeric ethyl 
alcohol 

In the case of geoinetncal isomeis, it would appeal, so far as we aie 
able to judge fiom the available expet imenlal data, that the foim 
possessing the higher melting-point, usually the tiaus-foim, has the 
lowei heat of combustion An examination of various stercoisomcric 
aromatic acids has shown a complete parallel between heat of combustion 
and dissociation constant Whethei the isomeiism is due to the piesence 
of single 01 multiple bonds 01 to spatial configmation, it is found, with few 
exceptions, that the moic stable foim has a smallci heat of combustion 
and a smallei dissociation constant than the labile lsomcudc 3 

The heat of formation of a substance is the amount of heat 
libciatcd in the foimation of the substance fiom its elements This 
value may be positive 01 negative It is positive in those compounds 
teimed exotheumc, which aie foimcd with evolution of heat, and 
negative in endothermic compounds pioduced with absoiption of 
heat An example of the lattei class is acetylene The numcncal 
value foi cndotheimic compounds is consequently written with a 
negative sign The heal of foimation of oigamc compounds is 
dctei mined induectly, by sublt acting the heat of combustion of the 
compound fiom the sum of the values foi the individual elements 

Foi example, tlic heat of combustion of i gm< mol of methane (16 gms CIIj) is 
2108 cal, whereas that of the individual elements (12 gms C 1-4 gms II) gives a 
total of 232 cal , the heat of formation of methane tlictcforc is 232 — 210 8—21-2 cal 8 

NOMhNCI AfURli OF ORGANIC COMPOUNDS 

In oigamc chemisliy one and the same compound is frequently 
descubcd with equal accuiacy in a numbci of ways, an author 

1 Cf Stohnt'mn* / pt C/t t 1893 [2^ 48 , 453 Brllhl, Ba j 1894, 27 , 1065 Roth tind 
Oestlmg, Bu , 1913, 40 , 309 a Roth and Sioermer, Bet , 1913, 40 , 260 3 I*or the 

relationship between constitution md heat of formation of oiganic compounds, see Brllhl, 
/ pt Ch , 86, 18 r, 209, 
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employing diffuunl names as ho desucs to lay emphasis on the 
pi opm lies of the compound oi on its i elation ship to some olhet 
substance hot the latlei mason many animal and vegetable pioducts 
have bten named m icfeience to then ongin, eg, uiea, unc acid, malic 
mill (hom apples) and ciluc aetd Owing to the tapid development of 
Hus branch of science the need foi a standaid sy&lcm of noinenclatuie 
was teahsed at an eaily stage I he position of things m 1893 was such 
lliat an inlunational commission was called to meet m Geneva, foi the 
{impose of deciding upon a system of nomenclature by which the 
constitution of an 01 game compound could be simply and clcaily 
expressed This task was only paitly completed, but the findings 
of the Geneva tom mission aie frequently used, moic pailiculatly in 
desciibtng compounds of the fatty senes 

In gencial, oigamc compounds may be lcfuied back to one 01 
another of a limited numbei of paient 01 index substances (</ p 20), 
fioin winch they may be consulcied to be denvetl by leplaccmcnt of 
hydiogen with olhet atoms 01 gioups 'Ilie Geneva nomcnclatuic is 
built up fiom llu names of these paient compounds by the addition of 
<eilnm syllables, such as -Wfoi alcohol, -at foi aldehyde, -on foi ketone 
and ~uturn foi t.ulioxyhe acid (in Knglish the last two become -one 
ntid -cutd icsjKctively) UnsaltuaU’d compounds take the sufilx -en 
foi 11 double bond, and -in {-tno) foi a tuple bond Ihus cthanal 
in acetnlddiyde, and piopenol is alljd alcohol Most of the othei 
flubutituent giou{)s me nwheated in the usual mannei by piefixcs In 
the case of compounds possessing scveial chaiacteiistic gioups, these 
arc named in a ecitam agreed sequence, and two or nunc of the &atne 
groups, if picsenl in a compound, aio indicated by the piefixcs di-, Ui- 
and soon The icspeclivo positions of the substituents aic shown by 
lettering or munbeiiug UnloiLunately the pioposalt> put foi waul have 
not piovcd Hull.ible foi adoption en masse t with the lesull that chffoienl 
count) les, mid even <lllTeient scientific publications in the same counliy, 
often show touskleiablc vaualions in noinenclatuie, as may icadily be 
wacn by ti .icing Ihe absliacts of papeis dealing with complex 01 game 
(Oinpounds lluotigh the Ihitish, Amcncan and Continental journals. 1 
Consequently it H noL possible to give hcic moiclhana bncf outline 
of tlto inodificatlona of the Geneva nomcnclatuic at picsenl in use, 
Further details will be given as each new class of compounds comes 
under discussion 

II will readily be undcisloocl that the Geneva piacltco of icfeumg 
back to the simplest paient substance leads to considciablc difficulty 
when applied to substances possessing scveial chaiacteiistic functions 
Foi example, the compound CIIO , CH a C 1 IOH CO COOII would be 

* In Att /MmfucMM to tht LtUtatmt of Cheumhv (F A Mason, Clareiulan Press, 1925) 
will fouiwl ft list of iho tnoro impormnL chciuicnl journals, icforence books, cit, with bints as 

lo their use 
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tenncd (omitting numbcnng) pentanolalone-acid In modem piactice 
Ihcicfotc it has been found ncccssaiy to modify these pnnciplcs and 
simplify mallei s by the use of laiger index compounds, whcievci these 
aic aheady well known under a shot l name 

As may be seen fiom the journals of the Chemical Society and the 
Ameucan Chemical Society, the tendency is to employ the laigesl 
index compound available and to cxpiess the chief function of the 
substance in the ending 1 Substituent ladicals accoiding to Ameucan 
piactice aie mentioned in alphabetical oidei, and in English aftei the 
sequence laid down by the Chemical Society The Chemical Society 
uses Gieek letters foi all open chain compounds, the letteiing com¬ 
mencing with the end C-alom except m the case of caiboxyhc acids 
and nitt lies, when a beginning is made with the atom adjacent to the 
chaiacleuslic gioup Isomcnc open chain compounds aie lepicsentcd 
as substitution deuvalivcs of the longest caibon chain in the foimula 
Ethylene homologucs take the ending ene, and those of acetylene -me, 
whcievci possible The ending -ol, is icscived exclusively foi alcoholic 
01 phenolic compounds, all otheis taking -ole, eg, indole, antsole 
Similaily, basic substances aie indicated by names ending in -me, the 
Icimination -In being lcstiicled to certain nculial compounds, vi<s, 
glyceudes, glucosidcs, bittci pnnciplcs and pi oleins {eg, palmilm, 
amygdalin, albumin) In Bcilstcin's Lex-icon the Icim o\o- is used to 
descnbe the keto gioup 

Ring compounds aie named in accoidance with the system laid 
down in Riclitei’s Lexicon dot KohIcnstopJ-vei bimhtngen , the position 
of substituents being indicated by numbcis In naming substituted 
dcnvativcs of compounds such as phenol, aniline oi bciuoic acid, the 
chaiaetenslic ladical of the paicnt substance is assumed to occupy 
position 1 

Foi the designation of commonly occuiimg gioups, Voilhndei has 
made the following suggestions Monovalent oigamc ladicals, whelhei 
of fatty 01 aiomatic natuie, aic teimed alkyl gioups A fuithci 
distinction may be made by calling fatty gioups alphyl , aiomatic gioups 
a>ryl, and gioups of mixed fatly and aiomatic chaiaclci aiphairyl 
Fuilheimoic, gioups of acidic naluic may be dcscubcd as ajphacyl and 
an acyl lcspectivcly 

1 l*or in interesting discussion on nomenclature and indexing, see A M Patterson and C, K 
Cuirin,y Am C S , 19171 30 , 1C33 




PART I 


TJie Aliphatic or Fatty Compounds 

■Tills numerous compounds classified undci this title may be tcgaidcd 
Els dci ived from the hydiocaibon methane,Cll^and aic thctcfoie turned 
inolhnn e clct lvatives Since the common animal and vegetable fats 
siimlaily fall under this heading, the whole senes is frequently Known 
as llie aliphatic 01 fatty senes StiucLuially, compounds of this type 
aic distinguished by containing open cat bon chains m conliast to the 
closed chains or rings of the atomalic 01 ben/enc senes 

Oi game lcseaich, which foi fifty yeais had been put sued foi the 
most pat t among aiomalic compounds, has leccnLly tinned towaids 
lhe investigation of aliphatic derivatives New somces have been 
discovcicd foi the piepaiation of aliphatic substances, and the glowing 
fntci est in physiological chentnstiy is giving use to moic and mote woik 
in tins blanch, since the chief leactions of plant and animal life aic of 
an aliphatic naluie The ieduction pioccsscs of plant synthesis, and 
the oxidation changes which occut in planL and animal cells, lead alike 
to the foi mation of methane derivatives 





Hydrocaibons 


I —SATURATED HYDROCARBONS OR PARAFFINS, 

Nomenclature —The homologous senes of hychocaibons possessing 
the general foimutaC w H 2# 2 is tcimed “satuiated," in contiadistinclion 
to the ethylene senes which exhibits pionounced additive 01 unsaluiatcd 
jnopcrtics Not only aic these compounds incapable of uniting dneclly 
With bydiogcn, foi example, but they aic also extiaoidinauly lesislant 
to attack by the majonty of reagents, such as stiong bases and acids, 
a peculiarity which has led to them being known as the paiaffin 
«jci ics (/>&? ***** ajjkns little affinity) The names of the individual 
mcmbciS are deuved from the Gicck numcials indicating the numbet 
of cat boit atoms m the molecule, by the addition of the syllable -anc, eg, 

os 
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hexane, C 0 IT U , heptane, CyII 1G , octane, C B II 18 , and so on Only the fiist 
fout mcmbcis have special names, vi/, methane, C1 1 A , ethane, C a H 0 , 
piopanc, C B II 8 , butane, C,,II 1() 

As aheady mentioned, the fouith membci of the senes exists in 
two foims, butane and isobutane, and these (p 99) may give use to 
diffcient pentanes accoiding as the caibon chain is stiaight as in I, 01 
blanched as in II and III 1 

yC Cv /C 

I c —C—C—C—C II c— C— C< III >c< 

\c (X \c 

When a carbon atom is combined in such a mannci that only one of 
its fout valencies is satisfied by caibon, it is teimcd a pumaiy caibon 
atom, similaily if two, thicc oi all foui valencies aie linked to caibon, 
the atom undci considetation is teimcd sccondaiy, teiluuy oi quateinaiy 
respectively 

Those hydiocaibons with stiaight caibon chains aie known as 
tioj tHctl hydi ocatbons in distinction to the tso-hych ocai bons containing 
blanched chains 

Since othci compounds of the fatty senes may be denved fiom the 
paiaffins by icplacemcnt of one oi moie hydtogen atoms by other 
elements 01 gioups, it has in some cases been found convenient to 
coin special names foi the hydiocai bon icsiducs 01 ladicals which 
1 cmain aftci 1 emoval of such liydi ogen atoms 

Monovalent radicals, of the gcneial foimula C„H 2n+1( which insult 
fjorn the paiaffins by the 1 emoval of one hydiogen atom, aie known 
undci the gencial name of alkyl (01 alphyl) gioups (p 97) The name 
of each individual gioup is obtained horn that of the concsponding 
satuiated hydiocai bon by changing the end syllable -anc into -yl, e g , 
methyl CH a —, ethyl C Z 1 I 6 —, propyl C a H v — Foi leasons which will 
be seen lalci (p 142) the gioup C 6 n n , instead of being called pentyl, 
is known as the amyl gi onp 

Ethyl and methyl have now been shown to exist in the free state, 
but even at low temperattues they polymerise iapidly, I11 the foimci 
case the pioducl has been identified as butane 2 

The divalent radicals icsulting from the satuiated hydiocai bons by 
1 emoval of two atoms of hydiogen, have the gcneial foimula G w II a „ and 
aie named aftci the patent hydiocai bon by changing the end syllable 
-anc into -ylcnc, eg, methylene, CII a “, ethylene , C z n 4 =;, p)opylene, 
C s W 5= 

Similaily, the trivalent radioals of the gencial foimula 
aie wutten with the teimmation -inc, methine, CIIEE, ethme, C a H g ~, 

pt opine, C 3 II fi = 

1 The number of iaomeridcs iJsea with surpnslng rapidity m the number of carbon atoms in 
the ohnm Jncrcn&cs TJiero ire five hexanes, nine Jiqitanes and eighteen octanea theoretically 
possible Paneth and Lautsch, Bet , 1931, 64 , 3702, 3709 



100 


SATURATED HYDROCARBONS OR PARAFFINS 


According 1 to the Geneva proposals ihe names of the more complex satuiated 
hydrocarbons arc derived m the following manner The names given above 
arc retained for those hydrocarbons of noimil stiaight chain constitution The 
is odiydro carbons, containing branched chains, aie legai ded as alkyl substitution 
products of the longest stiaight chain hycliocarbon which it is possible to assume 
from the fcmruala In dealing with the highei mcmbci s, the caibon Uoms of 
the longest chain are numbered fiom one end, by which means the position of 
the substituting alkyl groups nny be indicated The numbcimg starts at that 
end of the carbon chain which is nearest the substituting gionps In the case 
where two side chains me attached to a pair of carbon atoms symmcli ically 
situated m the main chain, the numbering commences at the end noaict the simplex 
side chain In this way we obtain the following, modified to English and Amcucan 
practice (see also p 97) 

12 8 1 1 2 B 1 6 a 

oiTj on cn* cii 8 CH3 cn # on on on* cii 3 

Cii 3 ciitCiiflCii, 

2 MothyUmUwo 8 Methyl 1 othylhoxiuio 

or ft MotJiyUnvUmo or 7 Moth) I 5 otliylhoxano 

When necessary the carbon atoms of a longer side chain aie distinguished by 
two numbers, the first m normal type indicating the parti culai atom of the main 
chain to which the side cham is attached, and a small index number lcptescnting 
the position of the atoms in the latter Those alkyl groups substituted in the 
side chain are then distinguished as met ho , etho , etc, instead of methyl, ethyl, etc 

1 2 8 4 ft rt 7 

GIL CU Gllrt CU CIJ t CUfl Oil, 

Ch 3 dicn-cfij 

i’CII, 

2 Methyls motho i othyl Iioptoo 

Ooouvrenoe and General Properties — The homologous senes of the 
paraffin* haa been hivcsiigaled with few omissions fiom the fiisl mcmbci 
methane, CH|, to the thaty-fifth mcmbci, pentatuaconlmic, C !JG II 7g 
Aftct the latter, the highest known mcmbci 1 is Lctiahcxacontanc, 
C 0i II 1S0 The fitsL fout mcmbcis of ihe senes aie gases uiulci noimal 
conditions, then foilow liquids, and fiom C 10 II at upwauh they ate 
solids At the oidmaiy tempciatuic As aheady mentioned, these 
compounds aie very stable towards chemical icagenls, even lcsisling 
the action of conccnliatcd sulphuuc 01 fuming mine acid 2 On the 
othei hand, chlounc and biommc mteiacl with compaiative case to 
foun subaiitution pioducts, from which othei denvatives aie 1 cadfly 
obtainable. The boiling-points of the paiaffins rise with mcicasc of 
molecular weight, among the lower membcis a chffucncc of CII 0 
coi responds to an increase of about 30*, the amount becoming smallci 
as the senes is ascended 

Immense quantities of saturated hydiocaibons aie found ficc in 
nature as pet) oleum, or imneutl otl } the American vaneiy of which 
consists almost exclusively of paraffins, and is a mrctuio of many 
mcmbcin of the senes from the lowest to the highest Ozokerite 01 

1 GflpSCard, Amu Chun , 16 (ix 333 3 For the reaction of nitric find mtro sulphuric 

Adda ojj ihe parnmns, aeo MarkownlkofT, Ber »1899, 8S, 1441, Ntunetkiii, Ba , 1909, 43 , 1372 
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eat th-wa t, found in Galicia, is a mixtuic of the solid membeis, and 
ptoducls lich in pataffins aie also obtained on the indusliud scale by 
the distillation of fats and blown coal 

Up to the picsent the diy distillation of coal has been earned out 
in such a way that the aliphatic decomposition pioducls fiist formed 
aie, fot the most pait, con vetted into compounds of an aiomatic natiue 
(coal tai) by subsequent contact with the glowing walls of the lcloil 
It has been shown, however, by the woik of Boinstein, Pictet, Wheeler 
and Fian/ Pischei, that in the distillation of coal by the low 
teuipaalute cat bomsatton process, 01 undci 1 educed picssuie, the ptimaiy 
distillate is composed mainly of aliphatic compounds By employing 
such a piocess on the laige scale it is now possible to obtain ftom 
coal all the pioclucts chai actei istic of the peti oleum lndusliy (see 
also pp 106, 368) 

Methane, mat sh gas, CIIj Occutfence —Ftom many places m the 
eaith’s suiface an issue ot "natuial gas" occuis, which consists of 
methane and othci homologucs of the paiaffin senes, togcthci with 
a little admixed cat bon dioxide and mitogen At Baku, foi example, 

the burning gas constitutes the “holy files of Baku,” and attiacted the 

attention of the fitc-woishippeis as caily as 600 AD In Amcnca, 

natuial gas has been harnessed foi lighting and the pioduclion of 

power It also issues fiom the seams in coal-mines, wheie by diffusing 
into the almosphenc an it foi ms an explosive mixtuic (fiie-damp) 
Methane is pioduced m consult.! able quantities, and in a compai atively 
puic state, by the putiefaction of 01 game mallei and the foi mentation 
of cellulose undci stagnant watei , hence the name of maish gas Foi 
similai leasons (leductive fei mentation of cellulose and decomposition 
of piolcms) it is picsent in the intestinal gases, mote especially of 
hcibivotous animals. In addition, it foi ms one of the chief components 
of coal gas 

Prepat alien —Methane is obtained by the following methods *■_• 

1 In the laboialoiy it may be conveniently piepaicd by healing 
a mixtuie of sodium acetate and soda-lime The active constituent 
of soda-lime in this icaclion is sodium hydioxide, but the puic alkali is 
not used owing to its conosive influence on the glass of the containing 

vcsscl II 8 C COONa h NaOII » CrijH N^CO, 

2 Another laboialoiy method is to boil aluminium caibidc with 

WatC1 1 C B A 1 , I iall 3 0 « 3CII1 mA 1 (OII) 8 

3 By the 1 eduction of methyl iodide with nascent hydiogen, eg, by 
means of alcohol and the alumtnmm-meicuiy couple, 01 «sinc and 

hydi ochloi ic acid CII fl l4 all = CIl! | III 

1 Moiss m, C 7 , 119 , t6 Metlmne propTred m this ly is always contaminated with hydrogen 
(20 per cent) and other impurities 
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The following methods are of impoi lance fiom the thcoietical lathei 
than the practical standpoint 

4 Methane is produced togethei with ethylene and acetylene by the 
combination of carbon and hydrogen in the electnc aic, 1 C+4II = CH 1 
This reaction deseives mention since it piovides <1 method of 
synthesising methane fiom its elements 

By the compute synthesis of an oigamc compound is meant the 
formation of the compound fiom its constituent elements, 01 fiom such 
simpler compounds as have already been synthesised fiom their 
elements 

5 Another synthesis of methane was effected by Berthelot, by 
passing a mixture of hydiogen sulphide and caibon bisulphide vapour 
over heated coppei Caibon bisulphide and hydiogen sulphide may 
both be obtained fiom then elements, so that tlic synthesis may be 
expiessed by the following equations — 

C+2S = CSj, H a +S = H a S, CSj+alljS | 8Cu - Gilt 1 4Cu 2 S 

6 Caibon monoxide and caibon dioxide, on being mixed with 
hydrogen and led over 1 educed nickel at 250° to 300°, aie both 1 educed 
to methane s 

CO+6II - Cn d +II a O, CO a P 811 - CII,H 2lI a O 

7 Methane is also foimed by the decomposition of zinc methyl, 
Zn(CH 3 ) 2 , or moie conveniently of methyl magnesium iodide, with 
water 8 Methyl magnesium iodide also internets with ammonium 
chloride to give methane, 

Zn(CII t ) 2 + zIIijO - Zii(OII) 3 +2 CIIj 

/I 

CH a Mgl + HjO CHi + Mg< 

^OIT 

aCH, Mgl + NIhCl = 2CII 4 + NII 2 MgI + MgICl 

Methods 1, 3 and 7 may be apphed m a stmilm manner to t/ie 
pnpataiiou of higher homologues of the pataffm seues, the best gencml 
method perhaps being the decomposition of alkyl magnesium halides 
with ammonium chloride, which yields the hydiocaibons ducctly in the 
pure state 

In addition, the following special methods aic available — 

8 Synthesis fiom lower membeis, for example, m oidci to picpaic 
ethane from methane, a hydrogen atom of the lattci may be lcplaccd 
by halogen and the methyl halide so obtained healed with metallic 
sodium (Wuitz reaction), zinc (Fiankland) 01 silvci, 

aCIIjI + aNa = C 2 II 2 + zNal 

9 Addition of hydrogen to unsalurated hydiocaibons (see ethane) 

1 Bone ind Jerdan,y C S, 1901, la, 1042 a Sabatier ind Scndcrcns, C t , 184 , 51*11 

689 * Gngnard, Amt (hi m phys, 1901, 24, 438 Spencer, Bo , 1908, 41, 3302 Clarke. 

J Am C S, 1908, 80,1144 
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10 Reduction of alcohols, ketones and catboxylic acids 

11 Rlccti olytic i eduction of acetoacctic estci 1 

12 Distillation of coal, lignite oi wood, at compai atively low 
cmpcratuies (see pp ioi and 106) 

P) op a ties of Methane —Methane is a colouiless and odovuless gas, 
tqucfiablc at n° under a prcssuic of 180 atmospheies, and boiling at 
-164° At still lower tcmpeiatuics it solidifies to a ciystalhnc mass 
if melting-point —186° The gas is soluble to some extent in cold 
/atei, one lifie of water at +4 0 dissolving 49 cubic centimetres 
dethanc is combustible, burning with a slightly luminous flame to 
01m caibon dioxide and water (CITid~ 20 2 = CO a -f 2l-I a O) When 
nixed with an ot oxygen and ignited, methane explodes violently, 
langerous mixtuies of this type occui 111 coal-mines as fiie-damp 
'hloune has no action on methane in the daik, but in diffused daylight 
hlounc-substituted dcuvatives 2 ate foimed, eg — 

CIIj t- aCl = IIC 1 I CII 8 C 1 , Methyl chloride 

ks will be seen latci, tliesc substitution pioducts may be utilised foi the 
onvei sion of methane into othci compounds 

The ptcsence of methane may be detected by tieatinent with 
izomscd oxygen, when it is convcitcd into foimaldehydc Even small 
mounts of the lattci are leadily identified, owing to its chai actcristic 

eacltons CII, + 20 a - CII a O I II 2 0 h2 0 a 

Ethane, II,C CII 3 , is found dissolved in pctioleum, and escapes 
rom the cailh’s sutface m many places (eg, Noilh Amenca) 

It may be picpaied by the geneial methods given above Fiona a 
hcoictical point of view, the dtscoveiy of IColbc 1 in 1848, that ethane 
/as foimed by clcctiolysis of a conccntialed solution of potassium 
cctatc, is of gicat impottance The acctamons liberated at the anode 
nlciact with one anothei undci the conditions of expenmcnt to give 
thane and caibon dioxide At the cathode the discharged potassium 
ons teact with water to form hydrogen and potassium hydioxide 

II 8 C— CO a K II S C 

h2ll a 0 « I 1 2CO, + 2KOII4 IIj, 

IlgC—• C 0 2 IC II„C 

This is the fust and most typical of those synthetic leactions which 
irganic chemistry owes to clecliolysis Wuilz earned the piocess 
1 step fuilhcr by clcctiolysing a mixtuic of the salts of two fatty 
icids, and so by the combination of two diffcienl electrolytic residues 
ynthcsised higlici hydiocaibons 

A technical prepaiation of ethane is based on the combination of 
thylcnc and hychogen in the piesence of finely divided nickel, at high 
cmpeiatuie and ptcssuie 1 

1 Tafol Ttid JUrgfcns Bet , 1909 42,3548 3 J Pfeiferj Man thner nnd Relt linger, f pt Ch , 
919 [aj, 00, 239 3 Kolbe, Atm h 1848, 69 , 279 J 0 Spread J S C /, 1913, 82 , 17 1 
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Ethane is a colourless, odoutless gas, which bums m an with a 
feebly luminous flame, its critical tempciatuic is + 34 ° an d cutical 
pressure 50 atmospheres It is very little soluble in watu but moic 
so in alcohol Chlorine and biomine leadily icact with it to gives 
substitution products 


Mineral Oil, Petroleum 

Occurrence and Formation —Pcttoleum is found in many places, 
of which the most important, fiom an mdustual point of view, aic 
Oklahoma and Pennsylvania in Noith Amenca, the legion in Caucasi-a 
having Baku as its ccntie, and Persia In addition, it occms on a 
considerably smaller scale in Galicia, Roumama, Hungaiy and numcious 
other parts 

With regard to the occurrence of these immense deposits, the opinion wafc 
long ago advanced by MendclediT that they were foimcd by the action of walci 
on the metallic carbides present in the hot mtcnoi of the earth, a view supporU tl 
later by the work of Moissan, and of Salntici and Scndciens "I he discoveiy, 
however, that the distillation undei piessmc of fats, such ns fish oil, icsullcd in 
the formation of a product strongly tcscmblmg Ameucan pcliolcum, led Engler 
to put forwaid the hypothesis tint potioleum originated fiom the remains of 
marine organisms, the nitrogenous content of which decomposed icinlivcly quickly 
after death of the organism, leaving behind n fatty mntenal which was slowly 
transformed into peti oleum undei tho influence of piessure and heat, 01 pci haps 
of pressure alone 1 The bulk of the evidence appeals to suppoit this thuny, 
and the moigamc hypothesis of the production of petroleum must thoicfoic be 
abandoned, at all events as icgards the largei deposits 


Composition —Petroleum consists of a mixtuic of hyrhocaibotis 
whoso composition vanes with the place of ongin, and which may 
contain members of the paraffin senes logethci with cyclopaia(Tin£» 
and hydrocaibons of aromatic nature To isolate fiom this mixluio 


a constituent of homogeneous composition is a task of considerable 
difficulty, and rai ely attempted m industry 

The Pennsylvanian otl is a daik gieen liquid which appeals 1 eddish 
brown by transmitted light It contains about twenty diffcicnt hyclio- 
carbons, and according to the rcscaichcs of Maikowmkoff ihcie aic, in 
addition to the normal membeis, isopaiaffms of the gcncial foimubii 
R 2 CH CHR 2 , CHR a , and CR i The lowci paiaffins aic contained 
m such proportion that inflanamablc vapouis aic given off even at low 
temperatures There ate also present small amounts of hychocaiboru* 
of the benzene series (cumene and mesitylene) and then 1 eduction 
products, as well as traces of organic acids and sulphui compounds 
Occasionally sulphur compounds are found in laiget piopoilion On 
the other hand, the Caucasian oil contains about 90 pci cent of highci 
boiling cyclic hydiocarbons of the aromatic senes, togothci with 
hexamethylene and pentamethylene (naphthenes) 


1 Eugler, Bn , 1900, 33 , 7 7 ang Ch y 1908, 21 , 1585 , Bit 

Zelmsky, Ba , 1927, 60 , 3793 , 1929,63,1264 
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Refining oj Pettoleum —The liquid is waimed to expel dissolved 
gases such as methane, and then distilled, the following thiee fiaclions 
being collected — 

(a) Naphtha 01 benzine, boiling-point 40° to 150° (pentanes to 
nonanes in Amciican oil) 

(b) Illuminating oil or hetosene , boiling-point 150° to 300° (chiefly 
decanes to hexadecanes m American oil) 

(c) The heavy oil boiling above 300°, which partly solidifies on 
cooling Tai and pitch remain behind 111 the still 

The crude illuminating oil is purified fuithei by the addition of 
a little stiong sulphimc acid and agitation with compiessed au, Aftei 
lemovmg the layer of sulphimc acid and tany ptoducls, the pioccss is 
lepcatcd with aqueous sodium hydioxide and again with water, the 
oil is then redistilled When the lemoval of sulphui is necessary this 
is effected by heating with metallic oxides, such as coppei and lion 
oxide, which aie theieby converted into sulphides The pioduct so 
obtained is generally known as pett oleum and is suitable for lighting 
and heating 

Many risks arc attached to the use of insufficiently purified oil foi lighting 
puiposes, puticulaily if lower boding constituents (naphtha) are piesent In oidei to 
decide whether an oil is suitable for burning in lamps it is usual to dcteniuno Us 
flash point, by waiming the oil in a special appaiatus and finding by experiment 
the tempeiature at which the vapoui above the liquid is inflammable The lowest 
flash point peimissible in Gieat Butain is 73"F 

It is to be noted that only one fi action of the oil is used for lighting, 
the othci s being utilised in a vaticty of ways 

Naphtha is geneially icclificd again to yield scveial volatile fractions, 
which aie collected as follows — 

Pett oleum ether 01 gasoline , distilling about 50° to 6o°, consists 
chiefly of pentane and hexane , it may be used foi illumination m 
specially constructed lamps 

Benzine , distilling about 70° to 9P 0 , contains a laigc piopoition 
of hexane and heptane, and should not be confused with bcn/cne 
from coal tar It is used foi the diy cleaning of all kinds of matenal 

Ligtom , distilling about 90° to 120 0 , like the foicgomg fractions, 
is extensively used as a solvent foi fats, oils and 1 esins 

The heavy oil which distils above 300°, partially decomposing in the 
pioccss, is also of commercial value Fiona it is piepaicd lubricating oil 
for machinery Unlike the fatty oils, which decompose m the coui sc of 
time and then attack the metal, these pctioleum oils aie stable m au 
and theiefoie piefciablc as lubncants Many of them are even moic 
valuable than the illuminating oils Anolhei pioduct obtained from 
heavy oil is vaseline , 01 pett oleum jelly 

It has alicady been mentioned that by varying the conditions 
undci which the diy distillation of coal is conducted we may obtain 
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tars of different compositions The typical constituents pioduccd by 
the low temperature process (350° to 500° C) ate naphthenes and highly 
viscous oils 1 Under these conditions benzene is eithct absent 01 
present in traces only, its place being taken by bcn/mc (pctioleum 
ether, etc) Since large yields of tai may be obtained by this pi occss 
on the technical scale, it should eventually be possible to picpaie 
petroleum hydi ocarbons in Quantity from coal As yet it is only 
remunerative where the cheap and leadily accessible biown coal is used 

Direct Synthesis of Petroleum Hydiouiibou ^—It has long been 
known from the experiments of Sabatiei and Sendcicns on the catalytic 
reduction of carbon monoxide undet oidinaiy picssuic, that the final 
product of reaction is methane Fischei and Tropsch found that the 
use of a catalyst containing metallic iron and zinc oxide led undci 
ordinary pressures to the foimatton of a mixtuic of methane and its 
higher homologues in place of pule methane A senes of catalysts wcic 
subsequently discovered which were even moic active than the above 
iron zinc oxide mixture F01 example, caibon monoxide passed ovei 
cobalt mixed with chiomium oxide at a Icmpeialiuc of 270° yields not 
only gaseous homologues of methane, but fluid and solid incmbcts of 
the paraffins, 1 e ben/me and othci valuable pioducls of the type of 
petroleum Reference may also be made to the use of catalysts undet 
high pressures, by which means caibon monoxide may be convctlcd 
into methyl alcohol (sec p 135) and its highci homologues ( Synthol) 

In another process invented by Beigius, no catalyst is employed, buL 
coal or the higher boiling fraction of coal tai is heated undci picssuic 
with hydrogen This method gives about 5 pci cent of lubncaUng oil, 
and up to 50 per cent of benzine and Diesel motoi oils, 8 and appeals to 
be of considerable industrial value 

Paraffin Wax, Oereslne 

A product of composition similai to that of the naUually occulting 
petroleum may also be obtained aitificially by the diy distillation of 
peat, lignite, boghead, cannel coal or bituminous shale 

In the paraffin industry tn Scotland bituminous shale is Intgely used for this 
purpose, and in Germany tho deposits of brown coal are utilised Ihc mutciml 
is distilled by a continuous process in long veitica! ictorts constmcled of non 
and fireclay, yielding ammonia, inflammable gases and Ini lhc lnltei after 
purification by washing with concentrated sulphuric acid and caustic soda (to 
remove creosote oil) is redistilled and separated into fom fiacttons naphtha, 
paraffin oil, lubricating oil and paraffin wax Besides these, a product resembling 
asphalt may be left behind in the retort 

Paraffin wax so obtained consists chiefly of higher mcmbcis of the 
saturated hydrocarbons, logethci with those of the ethylene senes 
(p 108), and accoidmg to its composition vanes somewhat in appealance, 

1 F Fischer and Gluud,/ S C 1 , 1919, 88, 563 A * F Fischer and Tropsch, Bet 
1936, E 9 , 830, 933 3 A Spiikot, 7 t\l f a?ig C/i , 1936, BO, 997 
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melting-point and boiling-point 1 The solid hydiocaibons, beginning 
with C 1 o H 40 , scpaiate m Iatge tianspaienL leaves lnghei m the senes 
they become tiansluccnt and gianulai still highei they aic opaque 
and wax-lilcc solids The melting-points langc fiom 31° to no 0 and 
the boiling-points from about 300° upwatds 

As has aheady been shown lay numerous investigations into the 
low lempeiatuie coking piocess, oidinaiy coal may also yield ptoducts 
of the natute of paiaffin wax on diy distillation, and it has recently 
been demonstiated that solid paraffin is a typical constituent of the 
low-boiling tar pioduccd m this mannei 

Refcience has aheady been made to the occunence of solid pataffins 
and isoparaffins in natuic One of the most impoitant deposits of this 
kind is the ozokente 01 caith-wax of eastern Galicia The moie 01 less 
solid piocluct vanes ftom yellow to black in coloui, and is found in 
layers from 20 to 100 mcties below the surface The law malcual is 
refined by melting out fiom caithy lmpuiitics, and the biowmsli pioduct 
is ticated with caustic soda and sulphunc acid, clccoloi lsed by chaicoal, and 
finally bleached The lcsultmg wax-like substance is known as ceiesme 
Uses- —-Among the diffcient paraffin waxes those which aic haid 
enough are employed, cither alone 01 admixed with the higher fatty 
acids, in the manufactui e of candles Softci varieties are utilised m 
the match mdustiy, for watcipioofing fabnes and for diessing leather 

Asphalt or mineral pitch has been known from culicst tunes ( 1 1 undid, Cuba, 
West Inches, Alsace), and is an oxidation pioduct of the highei boiling constituents 
of pettoleum It is used in the manufactuie of black varnishes, as a protective 
paint, as insulating material and m laige amounts foi the paving of roads 

II.—UNSATURATEJD HYDROCARBONS 

Nomenclature of the Open chain Unsaturated Hydrocarbons 

Those hydiocaibons containing one double bond aie named aftci 
the corresponding salinated compounds by changing the teumnation 
-ane into -ylcne, 01 accotding to the Geneva pioposals into -one 
Should two or moie pans of doubly linked caibon atoms be piescnt, 
this is indicated by the ending -diene, -tncne, etc The position of 
the double bond is shown by picfixing the lcttci 01 numbci of the 
fiist atom of the doubly bound pail, eg — 

n 2 c cii, ir 2 c cii cii 2 cii 2 cri cn 2 

Ethylene or ethene Dmllyl o> a-e^hexadicne 

If the double bond occurs between a carbon atom of the mam chain and one 
of the side chain, the name of the main chain takes the tciinitiation -ane and 
that of the side chain ene 

ir 3 c cn a c cii 3 cn 3 iijC cii 3 cn a c cii a cn ft cu 0 

6n a dii cii 3 

7 arolhono poRtano 5 Fthouc hoptane 

1 For the oxidation of paraffin, see C Kelber, Bet , igao, 68, 66, 1567 
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If the double bond occurs in the side chain the name of the httci takes tin 
termination enyl 

fix ch 8 c?i B cii a on CII, oiij CII, cn a 

I e l r 

CII CII CII, 

pjwponjl iionnno 

Similarly the names of hydiocaibons containing one 01 mote 
triple bonds end m -me, -dune, lame, etc 

CII C CH, CH C Cllg cn a C CII 

Ally laic or propine Dipropargyl or ac hex ulmie 

These compounds may also be dcscubcd as alkyl douvalivcs of 
acetylene, eg, allylene or methyl acetylene 

The names of hydrocaibons containing both double and tuple 
bonds end tn -eninCj eg, IIC C CII a CII CII 2 is called ud- 
pentenme 

1 Olefines, or Hydrocarbons of the Uthylene Series 

Those aliphatic hydiocaibons which differ by a deficiency of two 
hydrogen atoms fiom the corresponding paiaffins, possess the gencial 
formula C ft II U) and take then name fiom ethylene, the fust membci 
of the senes It should be noted that no compound eoncsponding 
to methylene, CH 2 , is known to exist All the hydiocaibons of this 
group contain two of then carbon atoms linked logolhci with a double 
bond (eg, tI 2 C = CII 2 ) which is consequently tcimcd the ethylene 
bond Isomeric with the olefines arc the cycloparaffins, also of the 
general formula but possessing a closed ling stiucluie in place 

of the open chains of the ethylene senes 

The nomenclature of the olefines has been discussed above, but 
the simpler compounds arc ficqucnlly designated as substituted 
cthylenes — 

II B C CH CII CH, (HjQjC CII 2 (II 8 C) 9 C C(C1I,) 3 

SvTOmetncal 41 methyl Unsymniclrtcal dimethyl IctniiRthyl 

ethylene ethylene ethylene 

Propertied —In then physical piopeihes the olefines closely 
resemble the paraffins The lowct mcmbcis fiom C a II| to CJIq aic 
gases, the intermediate ones aie liquids and the highest aic solids 
They burn with a smoky and very luminous (lame The boiling" 
points of corresponding hydiocaibons of the two seucs he vciy close 
together, but the melting-points of the olefines die a little lower than 
those of the paraffins Most of the olefines ate teadily soluble in 
alcohol and practically insoluble in nvatei Foi the lowei members 
the specific gravity at the melting point is o 63, and uses with increasing 
molecular weight to the neighborhood of 0 79 

In their chemical behaviour, which differs vciy considerably fiom 
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that of the paiaffins, the most chatactetislic piopcity is that of 
addition The double bond m these hydiocaibons is capable of 
taking up two monovalent atoms 01 gioups, becoming compelled into 
a single bond, with the foimation of paiaffins 01 then substitution 
pioducls These additive piopeitics aic found also in othci classes 
of compounds and may therefoic be ticalcd a little mote fully at 
this stage 

By union with hydrogen, the olefines aic Iransfoimed into paraffins 
of the same numbci of carbon atoms —• 

II 3 C CII a + II 2 - II B C CIIj 

Ethylene Ethnic 

Catalytic Hydi ogenation —The addition of hydiogen to ethylene 
hydiocaibons used to be earned out by heating with hydriodic acid 
and phosphoius, but is now effected mote laptdly and conveniently 
by catalytic methods Sabaliei, Sendciens and Mailhe found that 
hydrogen adds on dnecLly to unsatuiated compounds at a high 
lempcialute in the piescnce of finely divided nickel, 1 and the same 
change may be induced even mote teadily, without the addition of 
external heal, by the catalytic action of finely divided metals of the 
platinum gi oup 2 A detailed study has also been made of the 
reduction of unsaturated compounds, including ethylene, by gaseous 
hydiogen in the presence of colloidal palladium 8 The lesulls show 
that ethylene may be ieduced to ethane at the oiclmary tempeialuic 
by ti eating equal volumes of ethylene and hydiogen with an aqueous 
solution of colloidal palladium The hydi ogenation is effected by the 
palladium hydiosol, which in the piesence of hydrogen is converted 
into palladium hydiogen hydiosol, the laltei then li an stoning its 
hydiogen to the dissolved ethylene. The pioccss goes fotwaid 
continuously as long as ethylene and hydiogen aic both picaent in 
the mixtuie 

In gencial, catalytic hydrogenation finds frequent application in 
laboialoiy and factoiy for the ieduction of unsaluralcd organic 
compounds with gaseous hydrogen (see hardening of fats, p 193) 

Olefines icadily unite with chlorine, bromine, iodine and iodine 
chloride to foim dihalogen derivatives 

II 2 C CII 2 + Br a - CH a Br CII 3 Br 

Ethylene dlbromidc 

The addition of hydiogen halides, of which hydriodic acid is the 
most leaclive, leads to the ptoduclion of alkyl halides In this reaction, 
if it is possible for the addition to take place m 11101 e than one way, 

1 Salntier and Mailhe, /Ci, 1907, A, 1, 458, 488, 490, J 49 i 717 J Wlllalhtter and 

Mayor, Bet , 1908, 41 , 1475 3 Pril, Bet , 1909, 42 , 3239 Stark, Bet , 1913, 46 , 2335 
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the halogen usually attaches itself to that carbon atom which is united 
to the smaller number of hydiogen atoms (Markowmkoff), 

h 2 c ch,+iii = ii b c ciu 

Ethyl iodide 

H a Cv n.(\ 

>C Cllj + HI - >CI Cllg 
H,c/ II 8 C/ 

Isobutylene Tertnry butyl iodide 

(p methyl propylene) (ft lodo /9 methyl pi op me) 

Aqueous hypochloious acid converts the olefines into chloi ohych ins 
(see also p 237), in which case the hydioxyl gioup links itself picfeiably 
to the less hydrogenated caibon atom Similar lesults aie obtained 
with dilute chlorine water or biomine watci 1 (Read) 


CH a CH, + HO Cl = HOCII 2 CIIjCl 

Fthylcno chlorohydrm 

(H a C) a C CH 2 + HO Cl = (Cn 8 ) a C(OII) CII 2 C 1 

Isobutylene Isobutylene chlorohydrm 

The olefines also combine ducctly with nitrogen trioxidc, nitiogon 
dioxide, nitiosyl chloride and mtiosyl biotmde to foim icspcctivcly 
nitrosites, mtiosates, mtroso chloi ides and nilioso-biomidcs, e g 


<CH s ) a C C(CH„) a + NOC 1 

Tetramethyl ethylene 


(CII 8 ) a C—C(CII 8 )„ 

ci dro 

Tetrnmcthyl ethylene 
nitroso chloride 


With concentrated snlpliuric acid the olefines yield alkyl-sulphunc 
acids, also known as alkyl hydiogen sulphates, the acidic nulled! 
{cf addition of hydrogen halide) attaching itself to that caibon atom 
united to the smaller numbei of hydiogen atoms 2 


IIO v II B C CII, o, 

HjC CIT 3 + >S0 a - " >S0 2 

ho/ n 0/ 

Ethyl sulphuric acid 

H 8 C v ii o v ii 8 c 


\ 


)C CH a + >S 0 a = >C—CII. 

H a C/ HO/ TLf/ | 

OSO„II 


IsobutyUBulphuuc ickl 

On boiling the alkyl-sulphuric acids in aqueous solution 
decompose to form an alcohol and sulphuuc acid * 

C 2 H 5 0 S 0 2 OH + HOH = C s ILOII •» IIO SO a Oil 


they 


1 J R<>ad and co-workers, / C S, 1620, iai 4l 1022, 989 , 1B28, 7 is 0 11m reaction 
serves also (or the separation of olefines from paraffins, the latter being scarcely affected see 
Worstallj^ Am C 1899 * 21 , 245 
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In this manner it is possible to effect the indirect addition of the 
elements of vvatei to the olefines, convei ting them into alcohols 

II a C CII a + HOII = II 8 C CILjOH 

Ethylene combines with fuming sulphunc acid to yield / 3 -hydioxy- 
ethyl-sulphomc acid (isetlnomc acid), and with concentrated nitric acid 
to fonn /3 mtioethyl alcohol 1 

H a C CIIj HIO N0 2 = HO CI-I 2 CHg NO, 

Pthylene nitroethyl alcohol 

It has been shown by Ilaines 2 m a senes of investigations, that if 
olefines and othci unsaluialed substances, cithei in the pine state 01 in 
aqueous solution, aie ticated with ozone, they fonn compounds con~ 
taming a molecule of ozone attached to each double bond On 
watming these explosive ozomdes with watei, they aie decomposed into 
aldehydes oi ketones, and hydiogen pci oxide, 

>C - C<+0 8 —> >C-C< or >C-C< 

]/\I I ] 

O 0 O 0 O 0 

O^omcle (0 divalent) 

(0 tetrav dent) 

d II 2 0 >CO 1 >CO H II 2 0 2 


oi they may yield a pci oxide and an aldehyde, as lllustialcd in the 
equation 

<CII B ) 2 C CII R + O fl - (CII 8 ) 2 C-CII R 

O O 0 


(cn n ),c 




o 


o o 

Ozomde 


CII II - (CII 8 ) 0 C<^ I +OCII It 

i ° 

Peroxide Aldehyde 


1 his icaction Ins been utilised by Ilanies m connection with the constitution 
of rubber 

For the addition of meicaptans to olcHncs, see Posner, Ber ^ 1905, S8 t 646, and 
of ctipious chlonde to ethylene, Manchot unci Brandt, A?m , 19093 Bl'o, 286 


Fuithcimoic, the olefines me also capable of polymensation, 
isobutylene, foi example, being convcitcd into di-isobutylene undei 
the influence of dilute sulphunc acid, zinc chlondc, or othet icagcnts 

(C1I 8 ) 2 C Clin h(CII a ) 2 C CII 2 - (CH 0 ) a C CII C(CII Q ) 2 

1 Wiehnd and SakelHilosi Bet , 19101 6Q ( 201 s Harries, Ann ^ 1905, 311 , Btr , 

1909! le2, 3305 , Ann , 1910, 874 , 288 , Bet , 1912, 45 , 936 For iho constitution of oyonidfis, 
see II Staudinger, Bet , 1925, 58 ,1088 
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When heated under pressuie they yield naphthenes, thus affoicling 
experimental evidence for the hypothesis of Eaglet that the naphthenes 
in petroleum aie derived fiom ethylene homologucs 1 

The olefines aie very easily oxidised Dilute alkaline pctmangaiulc 
solutions are decolorised by them, and the olefine convcitod into a 
dihydnc alcohol 

II a C CH S CH a OH CHqOII 

On more vigoious oxidation (chromic acid, ozone) the chain is mpluicd 
at the double bond, with the foimation of aldehydes, ketones and acids 

Detection oe the Ethylene Double Bond 

lwo of the above reactions are of genetal use in testing foi the 
presence of double bonds in unsatuiated compounds, except in those 
containing certain ring systems to be descubccl latci 

(a) Batyer's Permanganate Test— Accoidmg to Bacyei, alkaline 
permanganate is a genet al leagent foi the lccogmtion of unsatuiated 
compounds The test is earned out in aqueous solution by addition of 
a little sodium carbonate 01 bicaibonate and a chop of potassium 
permanganate The colour of the lattei lapidly disappear and a 
brown flocculent precipitate of a hychatccl oxide of manganese foi ms 
The reaction may also be performed in alcoholic solution, in which case 
a blank test should fiist be earned out with alcohol and pumanganato 
alone In the case of compounds such as aldehydes, which alicady 
possess reducing properties, the reaction obviously gives no mfui malign 
as to the presence or absence of double bonds 

(b) Addition of Bromine —Unsatuiated compounds ficqucnlly absoib 
bromine with gieat ease, as is shown by shaking them with biommc 
water, when the colour disappear (In veiy dilute aqueous solutions 
th 1S yields bromohydt ins, see p no) It should be emphasised, howcvei, 
that a numbei of substances ai c known, which, despite the piesence of 
double bonds m the molecule, do not take up biommc 2 


Formation oi< tiie Oii-i<ine£> 

The following methods aro of gcneial application 

i The dehydration of alcohols by means of conccnti alcd sulphutic 
acid, phosphoric or oxalic acid, or zinc chloude 


Ethyl alcohol 








Ethylene 


. 1 .^ Ule al £™! na bas also been found to act as an cncigetic catalyst in 
splitting off the elements of water fiom alcohols, and olefines may be 

17ZS Eag iVti°r lai f r ’o 9 ° 9 ' 43> 46,31 4620 V tlew - . 1911 , 44 , 2978 , 1913, w, 
74 Cf Nef, Ann „ 1897, 298 ,. 203 Bauer, Bet , 1904, 8 *7, 3317 
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picpaied by passing the vapoui of an alcohol ovci alumina healed 
to 300 01 

Secondaiy and teiliaiy alcohols lose watei moie icadily than the 
pumaiy compounds 

Many tertiary alcohols pass into unsatiuated hydrocaibons with extiaoidmary 
ease, sometimes spontaneously at the moment of then foimation, oi meiely on 
distillation F01 this 1 cason olefines aie ficquenily piocluced by the action of 
ketones on alkyl magnesium halides (see Gngnaid te act ion), paiticularly when an 
excess of the lattei is employed 2 

When sulphunc acid is used the leactton is often complicated by polymerisation 
of the olefine under influence of the acid 1 hus the foimation of butylene, Cjll 8J 
is accompanied by the production of hydiocarbons of tuo or three tjmes this 
molcculai weight, vi/, dibutylenc, C 8 II 10 , and tubutylene, C l3 H 

24 

2 I he action of alcoholic sodium 01 potassium liydioxide on the 
alkyl halides, paiUculaily the iodides 

C^IIsb i-i-l \ KOH ■= CbIIsm, “1 K.I II 2 0 

Accoiditig lo Sabatiei and M ulhe, 3 finely divided mclfils (Ni, Cu, and Co), or 
anhydious chlorides of divalent metals (Ni, Co, Cd, Fe, l J b, and 11 a), possesd the 
propelty of decomposing alkyl halides into hydiogen lialido ind the correspond 
mg olefine 

3 The electiolysis of concentrated aqueous solutions of the 
potassium salts of ccitain satmated dicaiboxylic acids, eg, ethylene 
fiom potassium succinate 

h 2 cco 2 k non n 2 c 

| 1- - || l-sCOo | aKOII + Hj 

IIsjC co 2 IC no ri h 2 c 

4 Olefines ate often pioduccd, togcthei with paiaflins, by the diy 
distillation of complex otgamc compounds, and hence ethylene is 
piescnt in coal gas 

Ethylene, ethene, H 2 C = CII a , occuis lo the extent of /j to 5 
pei cent m coal gas, and is usually picpared in the laboraloiy by 
heating 011c pait of alcohol with foui pails of conccntialcd sulphuric 
acid In older to pi event fiolhing, sufficient sand may be added lo 
bring the mixluie to a pasty consistency In this icacUon ethyl- 
sulphuric acid is fii st foi med, and on fui Ihci healing bi eaks up into 
ethylene and sulphunc acid 

C 2 II 6 OIH IIjjSO, - C 2 II 6 S0 4 II + H a 0 , C 2 II 6 SOiH « C 3 II 1 d*II 2 S0 1 

The gas is punficcl by bubbling thiough sodium hydi oxide and con- 
centiated sulphunc acid, in oidei to icraovc tiaces of caikon dioxide, 
sulphur dioxide, alcohol and cthei A less impute ethylene may be 
piepaicd by adding alcohol, diop by diop, to syiupy phosphoric acid 
healed to 220 0 

Foi fuithci methods of foimation see above 

1 Bouvcault, Balt Soc Chtm (4), 8 , 117 8 Khges, Ba , 1902, 86 , 2633 Ilell, Bt> , 

190 p 87 , 225, 230, 453, 1429, 4188 * See Sabitler and Mallhe, / C S, igo8, A, 1, 594, 713 

II 



1 H 


UNSATUHATED HYDROCAEBONS 


Ethylene is a colomless gas possessing a faint elheieal smell, it is 
only slightly soluble in watei, but moae so m alcohol and cthei It 
burns with a luminous flame and forms an explosive mixtuie with 
oxygen When led into bi online, rapid combination ensues with the 
foimalion of ethylene bromide, C a H 4 Bi^ Othei piopeitics of ethylene 
have been already descubed above The oxidation of the gas by 
means of atmosphei ic oxygen has been examined by Willstattei and 
Sommer, 1 who found that foi malclehydc was obtained in good yield 

CH 2 Cllg + Og - sCIIgO 

In view of the almost unlimited uses of formaldehyde, this leaction 
may yet prove of industrial tmpoi lance 

Ethylene is now being utilised m an mleiesting mannei in the fiuit 
industry When intended for tianspoitation to considerable distances 
fruit is gathered and packed befoie it is fully npe On amval at its 
final destination it is maintained foi a few days in an atmospheie 
containing a small pioportion of ethylene, which lapidly develops the 
colour and completes the upemng 


A few of the olefines, together with then boiling points, ire quoted in the 
following list As may be seen, tsomensm first occuis in the case of butene 
Stereoisomerism 3 may also occur (see p 49) 


Propone, C 8 H fl IT S C CH CH 2 , bp -40° 


BuUm, G 4 H 5 


t i II 3 C CII a GIT CH a , ethyl ethylene, b p - 5 0 
2 IIj,C CII CII Clsym dimethypethylene,®bp F i° 

ttviaU) sym „ bp l*2f 

3 (ir a C)C CH a , unsym dtmothyl ethylene, bp -6° 


Pentanes, C 6 H 10 


r 1 II a C CH a CII B CH CU fi , « propyl ethylene, oi a amylcne, bp H 39^ 

2 T 3 a C CIl a CH CIT CU 3 ,syni methyl-ethyl ethylene, 01 amylene, bp [ 36* 
n n 

3 ' C JIa> C unsym methyl ethyl ethylene, or y 'imylcnc, bp 131° 

^4 (H s C)jC CH CH a> tnmethyl ethylene, or ft isonmyleno, bp F 3G 0 


Among the pentenes or amylcnes, a mixture of which is obtained 
industrially by heating iusel oil with zme chlonde, tnmethyl-ethylenc 
or iS-isoamylcne is of special interest It is employed undet the name 
of penial as a narcotic of shoit duration, and also selves foi the 
preparation of tertiary amyl alcohol 


2 Hydrooarbone* O ft H 9n ^ 2 

Under the above general formula aie classed two gtoups of hydio- 
carbons, the diolefines containing two ethylene bonds in the molecule, 
and the acetylenes containing a triple bond, named after acetylene, 
HGEiCH, the first member of the series 

1 WilJstalter, Z ang Ch , 1919, S 3 , 330 3 For the stereoisomerism of the symmetrical 

dimethyl ethylenes, see Wisltc^mrs, Ann , 1900, 818 , 207 
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Diolefinls or Allylenls 

Foi the no menc!at hi e of these compounds compare p 107 
In properties and diemical behaviour the diolefines show many 
lesemblances to the olefines, and diffet fiom the acetylenes m foiming 
no coppci or silvei compounds On the othci hand they give 
piecipilates with a solution of meicunc chlonde 

The mannei in which hydiocaibons containing a conjugated double 
bond, C = C—C~C, unite with two monovalent atoms has aheady been 
discussed on pp 23 and 24 

Formation —Diolcfines aie obtained ftotn the dibiomo substitution 
pioducts of the satuialcd hydiocaibons, by lemoving hydiogcn biomide 
with alcoholic potash ot quinoline, 1 by healing the phosphates of 
diamines, 8 and by the exhaustive methylation of cei tain cyclic bases 
(P 64 7 ) Since these compounds have lcccntly been employed m the 
technical ptepaiation of aitificial caoutchouc, vaiious synthetic methods 
have been devised foi their manufacluic, which aie given m moic detail 
undei caoutchouc 


AUene, H a C C CH a , may be piepaicd by the electrolysis of potassium itncoimte, 
also fiom tubromo propane, CH a Br CIIHi CII«Bi, by removal of hydrogen bionudc 
and biomtnc 

Butadiene, eiyfcln0110, 1 8 cllvlnyl, II a C CII CII CH a , is produced fiom 
ciytliritol by heating with foimic acid, hence the name erytluene A puier pioduct 
may be obtained by the exhaustive methylation of N-melhyl pyirobdinc Ilarnes 
has also picpaicd it in quantity fiom phenol 3 

1 8 Pentaclieiie, «methyl butadlono, plporylono, 1 I 2 C CII CII CII CII Q , is 
obtained in a simil.it mannei fiom pipendmc by exhaustive methylation 4 


Isoprene, / 3 -metliyl-butacliene (jQ-mcthyl-dtvinyl), II a C C CII CII 0 , 

CII 8 

is the most impoitanl hydiocaibon of this scries As it ts pioduced 
togclhei with ti imethylethylcnc and dipentene by the diy distillation 
of caoutchouc, 6 it is of gieat nnpoitancc in connection with the con¬ 
stitution of the latter Isoptenc may be picpaicd technically by vaiious 
methods, e£ fiom the isoamyl alcohol of fusel oil (p 142) m the following 
stages 


1101 


oi a 


(CIDaCII CIL GII a OII 

I^oAmyl Alcohol 
ovor Hodn 

^ CII a =C—CII=CIJ a 

CII 


>- ccn 0 ) 3 cn COj OII fl Cl 

X ho Amy I ohlorldo 


(cii 3 ) 2 cci cn a CH a ci 

DJmothyl IrJmothylouo 
olilorUto 


limo at 




Isoprene is a liquid, bp 37 0 , which on heating to 300° undei pic&suic 
yields dipentene Undei ccitain conditions it polymerises to caout¬ 
chouc (p 353) 

1 Baeycr* Ann , Ei* 78 ». 9f M^irkownikolT^w/, 1898* 802 * ag fl Hiurlrs! Bit , 1901, 84 , 300 
a Harries, Ann , 1911, 888, 179 4 For proof of the above formula see Thiele, Bit , igoo, 88, 

666 B Walhch, Amt , 1885, 28 % 29$ , Ipatiow,/ Pr C/t [a], 1897* 66 , 4 
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UNSATURATED HYDROCARBONS 


Isoprene is also of inteiest in connection with the chemistiy of the 
caiatinoids and the teipenes (p 484) 

Butadienes^ in general, combine quantitatively ^vitli aciylic aldehyde, maleic 
anhydride and other compounds containing - the group CH CII CO to fcim 
liydroaroniatic derivatives {Duls and This furnishes an important synthetic 

method of piepanng cyclic compounds (see p 365) 

Tire Acetylene Hydrocarbons 

Nomenclature —In addition to the details given on p 108, it may be 
mentioned that compounds of this reties aie fiequcntly named as 
substitution products of the fiist membei, acetylene, CHECH , eg } 
3-but me oi ethyl-acetylene, C,H fi C=CH 

j Formation+—1 They can generally be piepaied fiom the mono- 
halogen substitution products, 01 the dihalogen addition pioducts of 
the ethylene hydrocarbons, by heating with alcoholic potash, eg 

CITgBr, CH a Br i-aKOH = CH CII h 2lCBi + *II 2 0 

An alcoholic solution of sodium 01 potassium ethoxide gives bcttei 
yields, as thcie is than no tendency for the decomposition to stop at 
the mtei mediate stage of vinyl biomicle 

2 Aldehydes and ketones also seive fot the ptepaialton of the 
acetylenes With phosphoms pentachlonde they aie convened into 
cllchloro-palaflfins, which with potassium hydioxide yield acetylenes 

CI-I a CO CH, —> CH, CCU CII, —+ CH, C CII 

Acetone a-Dicliloro propane Mcthyl-ncetylenc 

3 Acetylene and its homolognes aie also foimed by the diy distilla¬ 
tion of 01 game compounds and are therefoie present in coal gas 

Propet ftes and Chemical Behaviour —In physical lespects the acety¬ 
lenes resemble the paraffins and olefines The lowei membet s of the 
senes up to crotonylene, CjII 0 , aie gases, then follow liquids and finally 
from C w H ao upwaids they aie solids 

The chemical behavioui of the acetylenes shows them to be sUongly 
unsatiuated They mute teadily with hydiogen, halogens and hydiogen 
halides, in two stages, each of which conesponds to the addition of one 
molecule of these substances If two molecules of halogen acid are 

HBr HBr 

CH CH-^ CIHjj CHBr-^ CII 8 CHBr 3 

Vinyl bromide Elhylidene bromido 

taken up, both halogen atoms attach themselves to the same caibon 
atom Undei certain conditions polymensation may take place, eg 
acetylene, C a polymerises to form benzene, C a H 8 , and dimethyl- 
acetylene, C 4 H 0 , to hexamethyl-benzene, C 12 H 18 This is an important 
method of passing from the aliphatic to the aromatic senes, and the 
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acetylene condensation is to be icgaidcd as the mam, though not the 
only, sotucc of aiomatic compounds in coal tat 1 

A chaiactei istic of acetylene and its monoalkyl-subsblution pioducts, 
JR. C CH, is the piopeily of giving solid ciyslalline pi ccipitales with 
ammoniacal solutions of silvei ot cupious salts In this leaction the 
hydiogen of the gioup, ~CH, is substituted by metals to foim acetylides 
of the type of coppci acctylide, C 2 Cu 2 , which ai c explosive and i cgenei ate 
the oiigmal hydiocaibon on waiming with hydiochloric acid By means 
of these metallic compounds acetylene may be piuificd and scpaiatcd 
fiom othei hydiocaibons Besides these salts m which acetylene appeals 
to function as an acid, theic aic additive compounds known, eg CuCl, 
CjjIIg, produced by bunging acetylene into contact with the metallic 
salt 2 

ACEl YLENE, ETIIINEj CH=CH 


Preparation —Acetylene is icadily piepaied by dtopping watci on 
calcium cat bide CaC 2 + 2lX 2 0 = Ca(OII), -t C 2 II S 


The caibidc is obtained industually by heating quicklime with coke 
in an clecluc furnace, when the chief icaclion takes place accoiduig to 

the equation CaO + 3 C - CaC 2 I CO 


Ceilain othei pioducts aic al&o foimed fiom impuiities m the lime, 
chiefly calcium phosphide from phosphates and fenosihcon fiom non 
and sand 

The acetylene evolved fiom the technical pioducl is contaminated 
with ammonia, hydiogen sulphide and especially phosphine Putifica- 
tion may be effected by washing with watci to exit act the ammonia, 
passing the gas ovci lime oi hydialed non oic to absoib hydiogen 
sulphide, and finally icmoving phosphine by means of bleaching 
powder, “hciatol” (a mixtuie containing potassium bichi ornate and 
sulphunc acid), ot othei suitable oxidising mixluics 

The picpaialion of acetylene fiom calcium caibidc ill the laboiatory 
is most conveniently earned out by placing the caibidc in a diy flask, 
fitted with a sepaiating funnel and a deliveiy tube, and allowing watci 
to run in diop by diop fiom the funnel 

In addition to the methods of foimation given above in the genet al 
section, acetylene is also pioduccd by the following tcactions 

It may be synLhcsiscd fiom its elements (Bcithclot) by causing an 
electnc aic to pass between two caibon elcctiodes in an atmosphere of 
hydiogen sC , aII = cn CII 


It is also foimed by elcctiolysing solutions of the alkali salts of 
fumauc and maleic acids 

1 Further pyrogenic acetylene condensations have been described by R Meyer t see Bes 
1912, 46 x6oq 2 Mhnchot, Withers and Oltrogge, Ann , 191a, 88% 2^7 
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been developed on the large scale, and adapted with gicat success 
to the manufactme of acetic acid 

Diaoetylene, HC C C CH, may be picpaicd fiom coppci acctylide 
by oxidation with hot aqueous cupnc chlonde, and decomposing the 
coppci denvalive so obtained with dilute mineral acid It boils at io° 
undei 760 mm and polymcnses with gieat ease 


II 

Halogen Denvatives of the Hydiocaibons 

The halogen dcuvatives of the hydiocaibons piovide the most 
valuable stalling matcnal foi the synthesis of oiganic compounds, and 
if only foi this 1 cason merit dcscnption m some detail In addition 
it may be noted that sevcial of them, such as chlorofoun, CIIC 1 3 , and 
lodofoim, CIII 8 , aie extensively used in medicine 

I—HALOGEN DERIVATIVES OF THE PARAFFINS. 

Halogens nonnally function as monovalent elements, and a 
hydiocaibon such as methane would thcicfoic be expected to yield 
four chlounc derivatives, ClI 8 C 1 , CH 2 C 1 2 , CHC 1 8 and CCl^as well as 
four biommc, iodine and fluonnc compounds Ethane, however, gives 
use to nine instead of six chloio-deuvativcs, since in this case position 
lsomciism is possible ( cf p 20) 

Methods of Fot matton — 1 1 he monohalogcn dci lvattves 01 alkyl 
halides arc most conveniently picpaicd fiom the coi 1 esponding 
alcohols, by leplactng the hydioxyl gioup of the latter with halogen, 
cithci by the action of halogen acids, 

C 2 II 0 Oil hHBi « C 3 II fi Bi HI a O 

Ethyl *itcohol Ethyl bromide 

01 of halogen compounds of phosphoi us, 

3 c 2 n 6 on 1 pi s = 3 c 2 ii 6 1 v ii 8 po b 

Ethyl iodide 

In the httci cise, at all events in intioducmg biommc and iodine, it is not 
always nccessaiy to employ previously piepared phosphorus halide, this being 
usually fanned during the couise of the icaction Foi example, ethyl iodide 
may be obtained by adding powdcied iodine to a mixture of alcohol and red 
phosphoi us, and warming to complete the reaction 

2 Alkyl halides aie icadily piepaicd by tieating an aqueous 
solution of a metallic halide with dimethyl 01 diethyl sulphate In 
this case only one of the alkyl groups takes pait in the icaction, eg 

S 0 4 (CII ,) 2 l KI = CII a I + SOiK(CII 8 ) 

Dimethyl Methyl Potassium 

sulphate iodide methyl sulphate 
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be minimised by the addition of some meicuiy, or a little finely divided 
(“moleculai ") silvei Among similaily constituted compounds* the 
chlondcs possess the lowest boiling point, the coiiesponding bromides 
boil approximately 25 0 , and the iodides 50°, higher than the chlondcs 
The iodides also possess the highest and the chlondes the lowest 
specific giavity, the figuie sinking in each case as the hydiocaibon 
tachcal incieases in magnitude The halogen derivatives are not soluble 
in water, but dissolve teadily in 01 game solvents such as alcohol, ether 
01 caibon disulphide 

At low tempeiatuics chlorine leacts with methyl or ethyl iodide 
to foun an lodochloadc, CII g IC 1 2 01 C 2 II„ IC 1 2 Ethyl lodochloudc 
decomposes m the ncighbouihood of — 36° 

With legal d to the chemical properties of the alkyl halides, it should 
be noted that, in spile of ceiLam lesemblances to the metallic halides, 
they differ chaiacteustically from the lattei in then behavioui towaids 
silvei nitrate As is well known, the metallic halides such as potassium 
iodide aic ionised in solution, and lead instantaneously with aqueous 
01 alcoholic silvei mtiate, all the halogen being precipitated as 
insoluble silver halide The halogen substitution ptoducts of the 
hydrocarbons, on the olhci hand, aic non-electrolytes, and eithei do 
not react with silvei mtiate 01 the reaction sets m giadually Puie 
chlorofoim, foi example, may be shaken with aqueous silveL mtiate 
without any scpaiation of silvei chloiidc, while ethyl iodide only veiy 
slowly yields a ptcapitate of silvei iodide 

It must not be concluded fiom this behavioui with silvei mtiate 
that the halogen is particul.uly fiimly bound m the substituted aliphatic 
hydrocaibons, since by means of suitable leagenls it is icadily 
eliminated and lcplaccd by hydioxyl, alkoxyl, ammo 01 othei gioups 
On this case of icaclion depends the cxliaoidinaiy utility of the halogen 
denvalivcs, and especially the alkyl iodides, foi 01 game synthesis 
The lallci aic of gieat value in intioducmg alkyl gioups into oigantc 
compounds, a pioccss dcscubcd in a latci chaptei 

In oidei to icplacc hydiogen in the hydioxyl gioup of an alcohol 01 acid by 
an alkyl ladical, the sodium dcnvalivo of the alcohol or the silver salt of the 
acid may be healed with alkyl iodide In some cases thnllons salts of the aculs 
give oven bcltci results 1 

C,II 5 ONa I CaOuI = C 3 II 0 O C a n e I Nal 

Hoi 1 lut 11 Diethyl otlu r 

othoxfdo 

CII, COOAg 1 C 9 II B I = CII, COOCbTIh ( Ag! 

Htlvor ncotnto HJtliyl nootuCo 

In a similat mannci it js possible to icplnce a hydiogen atom attached to mttogen 
01 caibon, l g 

Ntij \ did - c n, nii* 1 m , c fl u a min \ 2cn,r ^ c ^ am 

Motliylutniuo Anillim BUuolhyl cuiIIIiiq 

1 G U Ghribtle mil R G Mciuics, J C S, 1925* 2569, C M Fcir md R C 

Mun/ittb, f C iS, 1926, 937 
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HALOGEN DERIVATIVES OF THE l’AH VFMNS 


By means of the Wuil/ synthesis an iodine atom may In t \< hangi tl 
foi an alkyl gioup, 

C a II 6 IH CjIIJ l aNn ( jll, l aNitl 

Ftliyl iodide lliUum, 

The piepaialion of unsaluialcd hydmcailions Horn alkyl h.ilnlr * 
has already been icfci icd to on pp 113, 1 16 

It will also be seen latu th.it the alkyl luliili' 
extensively applied to the piepaialion of otgano m< tullit 
paiiiculaily those of /inc and magnesium (p 127) 

A final indication of the many-sided inactivity of tin 
is given by then powei of funning addition compound' 
substances, such as tciliaiy amines 


ha\< In »11 

eomptiiiinl 

ilkyl !i>ili<li « 

with ntlli 1 


CjiijjN 1 cir B i 

Pyridine 


n/ T 


<V>« 

C11 B 

Py mime intOmulMt 


IU ,11111]* d 
{ hlniitlt 


Among the large numbei of suhstilulion piodiuts of tin pn.ifhn 
known, Lhc following aie biicily desenbed 

Ohloro-methane, methyl ohlorldo, CJr a ( 1 , is piipaitd by 

mix line of methyl alcohol and hydiocliloric aud with /uu __ 

also by heating tiimelhylamine hydiot hlonde, N(C I!,,),!!( 1, nbtamnl 
fiom the icsidual Itquois in sug.u manufaclmt, In 3(>i)' It n, a 
colomless, sweet-smelling g aM which bums with a gut 11 rdg< t| llamr, 
and on being cooled condenses to a liquid, bp -23' It mini t mi U* 
the mailed 111 liquid foim, and owing to the intense heat .ibsmpti«>u 
resulting fiom its tapid cvapoialion, it is used fin the piodut Imn <-l hoc 

lempcratiucs Ethyl ohloriclo, bp +12°, Is fin tin same icmmi 
employed as a local anreslhclic 

Iodo-methane, methyl Iodide, CII., 1 , may be piopaicd (tom nn tin I 
alcohol, iodine, and ted phosphotus It ,s a liquid of phasani < thtnal 

odom, bp 4 d° and sp gi 3 2; at 25° Undo, the mfliiem« of h.du U 
giadually daikcns, owing to the sepai alion ol iodine 

Iodo-ethane, ethyl todldo, C a Il 6 I, , H piepaud from «thyl nboh., 1 . 
iodine and red phosphoius Boihng-poml 72 $' and sp m 1 

Ethylene bromide, CIIJI, -CII a Bi, is oblauud by passing etl.v U m 
gas into bromine It is a colourless liquid of pleasant smell, boiling >u 

31 ancl feohdifying at +8 It is much employed as a solvent aiwi fm 
synthetic purposes 11 

Triohloro-methane, chloroform, CIICI,. is a ... 

methane 01 methyl chloride, and is feinted by the acUnn n( bleailmn* 

p wder on various organic substances such as alcohol, aieloiu, act m 
ucid ancl iIs sails, and laitaric acid 

The method of preparation, also used on the technical stale ih >•* 

first qw. UCOl n aC01 ° Wlth blcachin K powder It is supposul that tbr 
first step m this faction is the oxidation of alcohol to aldehyde, whit b 
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next undct goes substitution to trichlot aldehyde (chloial), this being 
then hydiolysed by the lime picscnt in the bleaching powclci to foimic 
acid and chloioforin, 

/P /P /P 

ch b cii, oh-^ci-i b cf ~>cci» ct —>■ ciici 8 +iicf 

\ii \h N OII 

Fthyl alcohol Acetaldehyde Chloral Chloroform Formic acid 

Acetone may be used instead of alcohol in this pi cpai ation 

It is also possible to piepare chloiofoim by the eleettolysis of a. 
solution of potassium or calcium chlonde in dilute aqueous alcohol 
01 acetone 1 The pnmaiy reaction consists m the foimation of a 
hypochlorite and proceeds accoichng to the equation 

CII 8 CO CIIj + 3 IIOCI = CHC] B + CH a C00II + 2lI 2 0 

Acetone Chloroform Acetic acid 

Chloioforin piepaiecl by ahy of the ibove methods is geneially mipme It 
may be obtained 111 a veiy pme state, although at consideiably greater expense, 
fiom chloral hydrate, which on heating with alkali decomposes into chlorofoim 
and the alkali salt of formic acid 

CC1 S CIIO 4 KOH = CIICl a H IICO b K 

Ptopetites —Chloroform is a colouiless mobile liquid, bp 62° and 
sp gi 1 491 at 17° It possesses a sickly sweet smell and a burning 
taste, dissolves leadily in alcohol and ether, and is spanngly soluble 
in water 

Inhalation of its vapoui brings about loss of consciousness, and for 
this 1 cason it is latgely used as an anaesthetic in suigical opeialions 
Chloiofoim was discovcicd almost simultaneously by Liebig and 
Soubcnan in 1831, but its anaesthetic piopcilies remained unknown 
till then discoveiy m Edmbiugh by Simpson in the ycat 1848 

Chloiofoim compaiatively icadliy undeigocs chemical changes 
Undei the influence of an and light it decomposes into chloimc, 
hydrochlonci acicl and catbonyl chlonde, COCl g The specially punfied 
chloiofoim used fot anaesthetic pvuposes lb ttcated with a small amount 
.—about 1 pel cent—of alcohol, and prescivcd in a dailc bottle filled to 
the stoppei, undct which conditions the above decomposition is auesLcd 
Chlorofoim leads with chlonne to foim caibon tctiachloiide, CClj, 
when icduced with /me and hydiochloric acid it yields methylene 
chlonde, GlljjClg Concent! aled mine acid leplaces the hydiogen atom 
with a nitio gioup, foimmg ohloropiorin, CC 1 8 N 0 2 When healed with 
aqueous 01 alcoholic potash, potassium foimalc is pioduccd 

CIICl B + 4ICOII = IICOjK + 3KCI k2lI a O 

Potassnim formTte 

Chloiofoim may be tested foi by wanning with a pnmaiy amine 
(usually aniline) and alcoholic potash An isoniliile is thus foimed 

1 J l'cye'i Z Ehki 1919, 25, rij 
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halogen derivatives of hie paraffins 

possessing a characteristically unpleasant odoui T Ins inaction may he 
employed for the detection of primaiy amines as well as ot chloiohmn 

C a H fi NEL+CHC 1 8 +3KOH = C fl It s NC H3ICC1 l 3ll 2 0 

Aniline Phenyl cubim.no 

for Parity — Cliioioform for iiiKSthotic puiposes must be of the highest 
grade of purity Wlien slnken with writer, the aqueous layei should not become 
acid, or give any cloudiness with silvei nitiatc 

Bromoform, tribromomethane, CHBi 0 , is picpaicd in a similai 
manner to chloi oform by the action of bromine on alcohol 01 acetoiu, 

and is a liquid, boiling at rj i* 

Iodoform, triiodomethane, CHI 3 , is produced by the action ot iodine 
and caustic potash on alcohol, acetaldehyde 01 acetone, and m gtnoial 
any compound containing the group CH S CH(OII) C—01 CIJ 3 CO C 
Technically it is prepaied by waiming a mixtuie of iodine, alcohol, 
and caustic potash or potassium caibonate 

C^OH + 81 + 6K01I * Cin B + IIC0 2 K I 5 ICI i slip 

Polissumi foimate 

Acetone may also be used in place of alcohol as stalling malcnal 
A modern method of prepaiation is by the elccLiolysls of an aqueous 
alcoholic solution of potassium iodide and carbonate 1 

Propsrttes —Iodoform crystallises in yellow hexagonal plates of 
characteristic smell, it melts at unreadily sublimes and is volatile 
with steam It is insoluble m watei, but soluble in alcohol and ethei 
On treatment with an alcoholic solution of potassium ethoxide, oi on 
reduction with hydriodic acid and phosphorus, methylene iodide, Cllglg, 
is formed Iodoform is extensively used in suigciy as an antiseptic 
Carbon tetraohloride, tetrachloromethane, CC 1 *, is obtained as a 
colourless liquid, bp 76°, by the action of chtoune on chloioloim 
or carbon bisulphide* It is largely used as a solvent Technically, 
the chlorination of carbon bisulphide is effected with the aid of 
aluminium chloride or manganese chloride as catalyst 

A series of chloimated compounds, all picpaicd fiom acetylene, have 
recently come into use as valuable non-inflammable solvents These 
polyhalogen derivatives arc far less reactive than the monoJulogenaled 
compounds 

Acetylene tetrachloride, tetrachloioethanc, CHCl^ CIIC 1 2 , is 
obtained by the addition of chlorine to acetylene in the pi usance of 
infusorial earth {kteselguhr) or other diluent, in the absence oi which 
combination occurs explosively It is a heavy non-mflammablc liquid, 
bp 147 0 , sp gr 1 601 at 15 0 , which is used technically undet the name 
of Westrm as a solvent for cellulose acetate varnishes, foi uibbci and 
fats, and also as an insecticide 

1 C , 1897, II, 695 , r8g8 l I, 31 > J900, II, ?i9 , J Phys Ch , 1903, * 7 , 84 I<oycr, / Pttk , 

19191 25 ,11$ 
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When the vapmu of acetylene teti achloi lcle is passed over a catalyst 
(BaCl g 01 Th 0 2 ) at 350°, one molecule of IIC 1 is lost and trichloro¬ 
ethylene, Westiosol , CC 1 2 CIIClj bp 8y°, yp gt x 471 at 15 0 , is foimed 
This is used induslitally foi the extraction of oils fiom seeds, and for 
dry cleaning The halogen in ti ichloro-elhyleiie is very stable, and is 
not attacked by the common metals, even in the presence of moistute 
Acetylene diohlorlde, dichloro-ethylene , CI'ICl CHC 1 , sp gr 1 278 
at 15°, is picpated industrially as a mixtuie of two isomeiicles (bp 48° 
and 6o°) by treating West}on with zinc m the piesence of walei 

CHClg CHCI 3 + Zn = CIIC 1 CllCl + ZnClj 

It is used foi exti actions 111 place of ethei 01 light peliolcum The 
hot vapoms may be ignited but the flame rapidly extinguishes itself 
Oarbon hexaohloride, hexachloroethane, C E Cl a> is a solid, melting 
at 18; 0 

II—HALOGEN DERIVATIVES OP THE UNSAT URATE D 

HYDRO 0 A RBONS 

Only in exceptional cases are these compounds produced directly 
by the action of halogens on unsatiualed hydiocaihons, since the first 
action of the halogen is geneially to foim an addition compound and 
not to substitute 1 We can, however, obtain the desned denvalives 
fiom these addition pioducls by the parLial removal of hydiogen halide 
with alcoholic potash, foi example 

! Br a - IIBr 

II 2 C CII 2 —>H a CBr CHjBr-->- II 2 C CHIit, 

Vinyl bromide 

- IIBr -IIBr 

PICBi 2 CIIBr a —-> IICBi CBr a ->• CBi CBr 

Sym tctribromoethme Tnbioinoolhylene Dibromoicetylcnc * 

The halogen derivatives of the olefines , in winch halogen is united to 
a doubly bound caibon atom, differ maikedly fiom the corresponding 
paiaffin cleiivalives in that the halogen is m geneial not replaceable 
by othei ladicals such as hydroxyl Like the olefines thexnselves, 
they icadily combine with halogens and halogen acids, and exist in 
gcometncally isameuc foi ms (p 49) 

Those halogen dcnvativcs of the olefines in which, as in allyl iodide, 
PI S C CI-I CII 2 I, the halogen is attached to a singly bound carbon atom, 
resemble the paiaffin compounds in the reactivity of the halogen 

'Jhe halogen derivatives of the acetylenes , like olhci acetylene com¬ 
pounds, aie veiy unstable and readily undeigo explosive decomposition , 
they also show a stiong tendency to polymciisc 

1 Cf BilU irul It Upper, Bet , 1904, 8V, 4 pa, for the substitution of hydrogen by iodine, by 
use of iodine and sodium hypoiodite 5 C, T903 f 10a 
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Vinyl ohlorkle, 1 monochloroethylene, CH 2 CHC 1 , is gaseous al 
ordinary temperatures Vmyl bromide boils at i6° 

Allyl iodide, H e C CH CH 2 I, may be obtained ftom allyl alcohol, 01 
more simply from glycerol, by heating with hycli iodic acid, 01 with iodine 
and phosphoms It is a colouiless liquid, bp 102°, which smells of 
leeks, and occms 311 the combined state in muslaid oil and oil of gallic 
It is frequently employed in syntheses foi the mtioduction of the allyl 
gioup 

Tetraiodo ethylene, CI 2 CI a , is obtained in lemon yellow ciystals, 
rap 187 0 , when calcium caibide is added to a solution of iodine in 
potassium iodide at o'* It is odomless and possesses antiseptic 
pi operties 

CijCa + 61 — C 2 Ij + Caljj 

Diiodo acetylene, Cl ! Cl, is also foimed dining the above leaclion 
It ctystallises in colourless needles, mp 78°, and is vciy volatile Ihc 
vapour strongly attacks the mucous membianes 

CjCa+41 - Cjl 2 + Cal 2 

I* or other chloi o-deuvatives of cutty tone see pievious page 


III 

Organo-metallic Compounds 

The organo-mciaihc compounds aie usually picpaicd by the action of 
metals, such as zinc, magnesium oi mcicuiy, on the alkyl iodides, and 
owing to their reactivity aic fiequcntly employed in synthetic lcachons 
The zinc and magnesium compounds aie the most lmpoitant of this 
class, and it is only recently that the simplei derivatives of the alkali 
metals have been carefully studied 

Sodium alkyls, eg sodium methyl, NaCII a , aic obtained by the 
action of sodium on the coircspondmg meicury alkyls 2 In ihc pmc 
state they form colourless amoiphous solids which aie completely 
insoluble in indifferent solvents, and when heated decompose without 
melting They are extremely sensitive towards oxygen, moisture and 
carbon dioxide, are inflammable in air and vciy icactivc 0 

2ino alkyls were discovered in 1849 by hiankland Ihey aie 
obtained by the action of excess of zinc on alkyl iodides, zinc alkyl 
Iodides being first formed which decompose into zinc alkyls and /me 
iodide on further heating 

C a H 5 I + Zn - C^H B ZnI, 2G g H 0 ZnI « Zn{C*II B ) 3 + Znl 8 

1 The radical n 8 C~CH—is known as vinyl 5 W Schlenk and IIolt7, Bit , 1917, 60 , 
262 a Schongm, Btr , 1908, 41 , 2717 , 1910, 43 , 19$! Schlubich, 1919, 63 , 1910 
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The 7 tnc alkyls aic colourless, unpleasant smelling' liquids which 
boil without decomposition at i datively low tcmperaluies llicy aie 
spontaneously inflammable in an, and pioducc painful bums if bi ought 

into contact with the skin Consequently they must be handled with 
caution 

Zmc methyl , Zn(CII 8 ) 2 , bp 46°, *mc ethyl, Zn(C 8 Ii B ) e , bp 118“, 
sutc ptopyl, Zn(C 8 Ii y ) 2l bp 146° 

As will be seen latei, they may be employed in the synthesis of a 
vanety of compounds, including alcohols and ketones (p 168) 

With watci they decompose to foini paiaffins and zinc hydioxide 

Zn(CII a ) a + 2H a O = Zi^OII^ + aCIIj 

Paiaffins ate also pioduced on heating zmc alkyls to a high 
tempeiatuie with alkyl iodides 

Zn(CII 8 ) a t-2CII 8 I - ZnI 3 + 2lI 8 C CII 8 


Organo magnesium Compounds 

The magnesium alkyls of the general formula MgR a have been specially 
investigated by Lothnr Meyei and his pupils, Like the zinc compounds they 
are very leactive, but differ in being infusible solids which are non volatile and 
insoluble m the common solvents F01 this ie,ison they ue veiy inconvenient 
to work with and have been little employed m synthetic chcnusliy 

It is only in leccnt times, with the discovciy that fiec magnesium 
alkyls could be teplaced by the icadily soluble compounds of the 

type RMgl, that the oigano-magnesium dcuvativcs have been used 
with such gieat success in synthesis 

It was shown by Gngnmd, 1 m a senes of publications, that 
magnesium in the piesencc of diy cthci internets with numeious 
01 ganic halogen compounds, paiUculaily alkyl iodides and biomidcs, 
to foim compounds of the above type which lemain dissolved 111 the 
elhei At the same time it was found that the magnesium alkyl 
halides did not lequnc to be isolated foi synthetic pm poses, but 
could be used ducctly in elheieal solution They aie solids and 
aie not spontaneously inflammable in an 

Reactions between metallic magnesium and alkyl 01 aiyl halides 
in etheieal solution aie known as Gitgnaicl leactions, and compounds 
of the gcncial foimula R Mg Hal as 01 gano magnesium halides 

It was shown latei by Tschelmzeff® that the foimation of these 
compounds also takes place slowly m olhei solvents such as benzene, 
toluene and xylene, in the presence of a tiace of elhet The amount 
of oigano magnesium halide foimed is out of all pioportion to the 
quantity of ethci employed, fiom which it was concluded that in the 

1 Gngnard, Annates dt l' UnwetSUt de Lyon, 1901, pp l lo 116 a rsciielmzeffi Bet , 1904, 

87, 4534 
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Gugnurd reaction the ethei plays the patt of a catalyst 1 The foimalion 
of magnesium methyl iodide may be expiesscd by the following 
equations, in which the intermediate existence of an “oxonium salt” 
containing tetiavalent oxygen is assumed 



H a CI + (C,H fr ) 2 0 

Methyl Diethyl 
iodide ether 


c 2 H 5 \ y ai 8 

c,n/ x i 

Hypothetical intei 
mediate product 


(C 2 H fi ) 2 0 CH S I + Mg - CIIjMgl -|- (C 2 II fi ) 2 0 

Methyl mag- Diethyl 

nesium iodide ether 


Tschelinzeff also found that olhei substances could act as catalysts 
The formation of organo^magnesium compounds takes place in solvents 
such as benzene* toluene* xylene and pctioleum ethei, when a few 
drop^, of a tertiary amine (eg dimethyl-aniline) aie added In this 
case the magnesium compound is thrown out of solution as a white 
flocculent precipitate corresponding to the foimula R Mg Hal This is 
sometimes of piactical as well as theoietical importance, since the 
catalytic influence of the tertiary amine is m some cases fai moie 
energetic than that of ether, and the icaction often takes place moic 
rapidly and with as good a yield as by the Grignaid method Nevei- 
thclcss, Grignard's method of preparing the compounds in chy ethei 
solution is generally more convenient If desued, the magnesium alkyl 
halides may be isolated m combination with two molecules of ethei, eg 
CII ft MgI, 2(C 2 H e ) a O Accoidmg to Mcisenheimer these compounds aie 
regal dec! as complexes of magnesium in which the metal occuis as the 
central atom with a co-ordination number 4 

(C 3 H 5 ) 2 0 /CH fi 

Mg< 

(C 3 H 6 ),0 \i 

By reason of their extra 01 dm ary leactivity the oigano-magncsium 
compounds aroused great interest, and the original investigations of 
Grignard were immediately followed by those of a numbei of other 
workers It was soon apparent that for synthetic puiposes magnesium 
compounds of the type R Mg Hal were more conveniently manipulated, 
gave better yields, and were of more general utility than the zinc 
alkyls Already they have attained a position m synthetic chcmistiy 
unrivalled by that of any other class of compound, 

the aid of the Grignard reaction it is possible to synthesise 
hydrocarbons, primary, secondary and tertiary alcohols, cthcis, ketones, 
aldehydes, caiboxy- and thio-acicls, phenols and tluophenols, and a variety 
of nitrogen compounds, as well as other alkyl metallic derivatives 

1 A chemical process, the velocity of which depends greatly upon the presence of some 
particular substance which is not itself used up m the chemical change, is termed t, catalytic 
rtatit&f* 1 the substance in question being known as t cafalyst 
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In addition to the above compounds, alkyl dot ivatives of betyllmm, 
aluminium, thallium, cadmium, me/cu>y, lead, tin, 1 a/seme, silvei and 
gold 2 have also been piepaied The mucuiy compounds ITgR 2 me 
cxtiemcly poisonous liquids 

The lead alkyls, eg lead tctiamcthyl, Pb(CII 0 ) 1( possess a special 
inteicst as lllustiatmg the tetiavalency of lead They aic most 
conveniently obtained by acting on alkyl magnesium halides with 
lead chlondc 8 

2PbCi 2 + 4CII # MgI = Pb I Pb(CPI B )i I 4MgICl 

Unsaturated oigamc compounds of lead, m which the lead atom 
appeals to be united to cnibon gioups by less than fom valency bonds, 
aie foimcd by the action of alkyl halides on lead sodium amalgam, by 
the clectiolytic lcducLion of ketones at lead cathodes, 1 and by the 
action of ceitain alkyl magnesium halides on lead chlonde 6 The most 
liitcicsting of these compounds aic the lead lnaiyls, 0 PbAi 8 , which 
conespond to tiiphenylmcthyl (p goB) 

Methyl ctlckloroarsine/ CII b AsC 1 2 , has been used in waifaie as a 
poison gas By the me thy la Lon of sodium aiscmtc with dimethyl 
sulphate at 85°,disodium methyl aisemte, Na 2 CII a AsO a , is foimecl The 
latter on treatment with sulpluuous acid is convcited into methyl 
aisinc oxide, which mtciacls with gaseous hydiochlonc acid to give 
methyl dichloioaisinc It may be scpaialcd fiom admixed methyl 
alcohol and hydiochlonc acid by fiactional distillation, and boils at 
130“to 132 0 


IV 

The Alcohols 

Classification —The alcohols maybe deuved Ihcot elicatly from the 
hydiocaibons by replacing a hydiogen atom of the latter by a hydioxyl 
gioup Gcneially speaking, therefoie, they may be legarded as alkyl 
hydroxides (in which the alkyl ladicat may be saliualed or unsatuialed) 
with a constitution lescmbhng that of the metallic hydi oxides At 
the same time it should be emphasised that in their typical piopcities 
alcohols and moigamc bases show considerable differences The 
inorganic bases aie elccbolyles and alkaline in reaction, the alcohols 

1 For alkyl compounds of tin see Pope and Pcnclioy, Ptoc% Chem Soc , 1903, 10 , ago, and 
P Pfeiffer, Bei , 1911% < 14 , 1269, for organic silicon compounds see G Martin, Bit , 1913* 
43 , 3289 3 Pope and Gibson, J C S t 1907, Dl, 2061 8 P Pfeiffer, Bn , I 9 ° 4 j 3 I 9 » 
1125, 4618 Ilibbert, Bit, 1906, 89 , 160 Hofmann and Wolfl, Btr , 1907, 40 , 2425 
4 Tafel, Bet , 1911, 44 , 323 6 Grllttner and Kraiise, Ber , 1916, 40 , 1416 0 Krause and 

Schmitz, Ber , 1919, 63 , 2165 , Krause and Reismis, Bet , 1922, 66 , 888 7 Uhlmger and 

Cook,/ hut and Eng Ch , 1919, II, 105 
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THE ALCOHOLS 


are non-electiolytes and neutial As will be seen Litci, both alcohols 

and bases react with acids with elimination of watci 

Corresponding to mono- and polyacid bases we have mono- ant 
polyhydric alcohols If one hydiogen in a hydiocaibon is unplaced 
by OH we obtain a monohydric alcohol, if two hydiogens attached 
to different carbon atoms are exchanged foi hydioxyls we obtain a 
dihydnc alcohol, and so on Alcohols aic known containing lluee, 
four, five, six and more hydroxyl gioups 


Examples CH 9 OH 

Monohyduc alcohol 
Methyl alcohol 


OH 

1 

Oil 

1 

CIV 

-CII. 


Dihydric alcohol 
Ethylene glycol 


on on on 

OIIj 

1 rih^diic alt ohol 
Glycerol 


If two or more hydroxyl groups aie attached to the same tubon fitom, they 
represent mi unstable formation In such case*, with few exceptions, wnlci is 
eliminated ami oxygen remains muted to cat bon by a double bond, t t {, 



OH 

OH 




/Oil 

c^-on 

x>h 





According as the hydtoxyl gioup is linked to apumaiy, scctmclaiy 
or tertiary carbon atom (p 99), we speak of a piimaty, secondmy 01 
tertiary alcohol 

Pnmaty alcohols therefore contain the gioup —CII Q Oil Oil 
oxidation 1 they are fust convcitcd into aldehydes, the gioup 
—CH 2 OH being transformed into —CII 0 lhe lattei tm ftulher 
oxidation form acids, containing the gioup —COOII and having the 
same number of carbon atoms as the 01 igmal alcohol 

Secondary alcohols contain the gioup |>CII Oil Hiesc on. 
oxidation are converted into ketones of the same numbci of cat bon 
atoms, the group >CII OH bemg oxidised to >C O On fuithei 
oxidation the molecule bleaks up, yielding acids containing <1 smaller 
number of carbon atoms 

Tettiary alcohols contain the gioup -yC Oil They bicak up on 

oxidatEoh, giving ketones and acids, each containing fevvei carbon 
atoms than the original alcohol 


R CH 2 OH 

Prnnaiy alcohol 



ch on 


Secondary alcohol 


R-?C, Oil 

k/ 

lertmry alcohol 


Isomerism and nomenclature —As in the case of hydiocai boils, wc 
may have structural isomerism among alcohols due to cliffeicnccs m 
the linking of the carbon chains (I and II), the pnmaiy alcohol which 

1 Par lhe wechnnismof the processor oxidation see Wielimd, Bti. 191a. 40 , 488, a606. 
Ber v 1913, 46 , 33 *? 
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coitesponds to the noimally constituted hydiocaibon being tcimed a 
normal alcohol 

H C 

I CII 8 CII, CH„ CII, 011 II 0 >CII CII 2 on 

IlgCX 

Normal primal y butyl 'ilcohol Iso butyl alcohol 

or propyl carbinol or isopropyl carbmol 

II S CV 

III CH S CIIj CHOH CH fl IV n s C-^C Oil 

n,c/ 

Normal secondary butyl ilcohol Tertiary butyl alcohol or 

or methyl ethyl cnrbinol trtmethyl cirbino! 

Isomensm may also be occasioned by the different position of the 
hydioxyl m the molecule (I and III), 01 both these vaiiations may 
occui logcthei (I and IV) 

A convenient nomenclaluic foi such isomei ides is obtained by 
consideiing them as substitution products of methyl alcohol, CII a OII, 
by naming the laltei caibmol and the highei alcohols as substituted 
caibinols (see above foimulae) 

Accoiding to the Geneva nomenclature, the names of the alcohols 
aic obtained fiom those of the hydiocarbons ftom which they aie 
denved by leplacing the final -e by -ol Polyhydtic alcohols aie 
designated as diols, tnols and so on 

cii 8 on no cn a cil on no cn a choii cii 2 on 

Methyl Ttcohol f Glycol or etliancliol Glycciol ( propnntriol 

Mctlnnol 

cn a cii cii 2 oii 

Ally 1 alcohol, r pi opene 3 ol 

If a hydioxyl gioup is attached to a side chain, the name of the 
lallei takes the tcimmation -ol 

MONOHYDRIO ALCOHOLS 

As alicady mentioned, these may be derived from saturated 01 
unsaliuatcd liydiocaibons The unsaturated alcohols chffei fiom the 
saluiated in then additive piopcitics only, icsembling them in all 
typical reactions, so that they aic conveniently treated together 

The physical pi ope) ties of the monohydnc alcohols vary fiom 
mcmbei to mcmbei, just as is the case with any olhet homologous 
series The fiist mcmbeis aie mobile liquids—-gaseous alcohols being 
unknown — aftci which follow those of oily consistency, and fiom 
dodecyl alcohol, C ia II 26 OII, onwaids they aie wax-like solids 
Solubility in watci diminishes with incicasc in moleculai weight, 
the fiist members of the senes being miscible in all piopoilions, 
wheieas the highei alcohols aic quite insoluble The lower compounds 
possess a chaiactciislic alcoholic smell and taste, the mleimediate 
membeis have an unpleasant smell, and those of high complexity arc 



tasteless and odourless For alcohols of smulai stniciiu c the boiling- 
point rises legularly with mctease of molcculai weight Each diflctcmc 
of CH 2 corresponds to a rise of appioximatcly 20° I he hicjhtsl 
members (above C w ) decompose on distillation, unless this is con due Let l 
under diminished pressuie Primary alcohols boil highet than the 
isomeric secondaiy, and these again higher than the concsponding 
tertiary compounds The specific gravity is in all cases less than unity 

It must be emphasised that the chemical behaviom of the hydlogon 
atom m the hydroxyl group OH, a group common to all alcohols > is 
very different from that of the hydtogen atoms in the alkyl ladical, 
being directly replaceable by metals such as sochum and potassium, 
with evolution of hydrogen and formation of alcoholates 

C*II 6 OII+Na - C 3 ir 6 ONa + II 

Ethyl nlcohol Sodium cthoxlde 

Alcohols react with acids to foim esters, eg ethyl mtialc 

C s H g OH + HNO a » C S II 5 0 NOj, H II 2 0 

Ethyl alcohol Ethyl nitrite 

Na0H + IIN0 8 - NaNOj + ILjO 

As already indicated, we may compare esters to the salts of 
inorganic chemistry, and the formation of esters fiom alcohols to that 
of salts from bases Nevertheless these processes differ distinctly m 
their mechanism The formation of a salt is an ionic leaction and 
proceeds instantaneously, whereas ester formation fiom acid and 
unionised alcohol progresses slowly 1 

Alcohols also resemble the hydroxide bases in combining, with 
elimination of water, to produce anhydrides conesponding to the 
Inorganic oxides These anhydrides are fceimed elhets 

2C 2 H fi 0H-H 2 0 « C 2 H 6 O C a H fi aLiOH - 11,0 - Li a O 

Diethyl ether 

The dehydration of alcohols may also give rise to olefines (p i ra), 

C 2 H 5 OH—^CII, CH S This occurs very readily m the case of 
tertiary alcohols 

On treatment with phosphoms halides the hydroxyl gioup of the 
alcohols is replaced by halogen, with the foimation of alkyl halides 
<P ”9) 

Methyl magnesium iodide interacts with alcohols, or in gencinl 
any hydroxy compound, with liberation of one molecule of methane 
for each hydroxyl group present 

CH a MgX + R OH = CH 4 + R OMgl 

The methane so formed is easily recognised and can be quantitatively 

1 The rate of esterification of alcohols varies with their constitution nntl diminishes pro¬ 
gressively as we pass from primary to secondary and from the latter to tertmry alcohols (/ 
Menschntkin, Ami , 1879, 197 , 19j, Michael, Be, , 1909, 42 , 3157 J 
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estimated This tcaction may be used foi dctcimining the numbet of 
hydroxyl gi oups in a compound 1 

The chai actcustic behavioiu on oxidation, which selves foi the 
identification of pumaiy, secondaiy and tcitiaiy alcohols, has aheady 
been discussed above 

Pumaiy, secondaiy and teitiary alcohols diffci also in then 
behavioui towards hot teduced coppei, as was shown by Sabatict and 
Senclci ens 2 On being led ovei ieduced coppei at 300° pumaiy 
alcohols bicak up into aldehydes and hydiogen, secondary alcohols 
yield ketones and hydrogen, and tcitiaiy compounds decompose mlo 
watei and olefines 

CII 8 CII, Oil « CII 8 CII O I II 2 

Iuhyl alcohol Acetaldehyde 

Cllfl CIIOII CII S = CII 6 CO Cllg 4 II 2 

2 Propanol Acetone 

CII a v Cllgv 

>C(0II) CII. - >C CII 2 h HjjO 
CIV CII/ 

2-Methyl 2 propanol 2 Methyl propetie 

With halogens the alcohols aic not substituted but oxidised 

Calcium chlonde unites with alcohols to foim double compounds 
which aie decomposed by watei, consequently it is not a suitable 
diying agent foi alcohols 

Methods of Foimatton -—In oidei to convcil a hydiocarbon into an 
alcohol it is necessary to pioccetl by way of the halogen compound, 
the halogen atom of which is then exchanged foi a hydioxyl gioup 
by Ucatmenl with moist, freshly piccipilated silvei oxide, oi by heating 
with lead oxide and watei 

C a II 0 14 AgOII - C a II 4 OII + Agl 

Alcohols occulting in nature aie found almost exclusively m 
combination with oigamc acids in the foim of csteis They may be 
picpaied fiom these by heating with acids or alkalis, or by the action 
of supei heated steam This process is leimed hjui) olysis (see p 147) 

A method of gieat mdustual unpoi Lance is the foimation of alcohols 
by the fei mentation of carbohydiaies {eg giape sugar) 

C 0 II 13 O 0 - 2 CoH 6 01I + 2CO s 

Gmpe siigTr Alcohol 

By the action of nittous acid on pumaiy amines the gioup •—-NH g 
may be lcplaccd by —Oil, and a pumaiy alcohol pioduccd 

C 2 II 6 NII a l IINOj - C 2 II B on + n 2 + II 2 0 

1 Zotewilmoff, Bit , 1907, 40, 2023 9 SnbiUcr -\nd Sendorenu, C, 1905, I, 1002 For 

many years the decomposition of alcohols by melTllic oxides has been the subject of numerous 
investigations Cf Mailhe, Ch Zttf } 19-09, 08, 18, 29 For a method of distinguishing between 
primary, secondary and tertiary alcohols with the aid of potassium hydroxide, sec Guorbet, C t , 
164, 222, 713 
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A general method of preparing pi imaty alcohols consists in the 
reduction of aldehydes In a Mimlai mannci ketones yiehl sitotubuy 
alcohols 

CH S CH O + aH = CH 8 CIL Oil 

Acetaldehyde Ethyl nlcohol 

CH, CO CH, + H, = CII 3 CII(OII) CII fl 

Acetone Dimethyl carbinol 

It is also practicable to bung about the pliytochemic.il leduction 
of aldehydes and ketones by means of living yeast 1 lhc biological 
character of the reaction is indicated in those cases wheie an 
asymmetric carbon atom is involved by the optical activity of tin 
secondary alcohols formed 

Acid chlorides and acid anhydrides may also be 1 educed to alcohols 
by means of sodium amalgam 01 metallic sodium 

More recently numerous syntheses of alcohols have been effected 
with the aid of organo-magnesium halides lhc billet unite with 
aldehydes and ketones foimtng addition pi odnets, which when 
decomposed with water and dilute acid yield scconcbuy and IciLuuy 
alcohols respectively 2 

Rv R v /R' h o Rv ,R' y 0H 

>CQ + R’ MgX-5- >C< >C< HMg( , 

Ek tK X OMgX W X)H 

Aldehyde Secondary alcohol 


T> 

ScO + R’ MgX 
W 

Ketone 




Tertiary alcohol* 


Alcohols are also obtained by the action of otgano magnesium 
compounds on esters, the use of foinuc estets leads to the pi eduction 
of secondary alcohols, all others yielding terliaiy alcohols 



R C 


/2 MgX H aQ 


\Ri 


^ R 


C^R 


on 


\ 


R 



The action of acid chlorides 01 anhydudes on oigano-magnesiuin 
halides again results m the formation of tettiary alcohols 

If dry oxygen is led through an ethereal solution of ail oigano 

magnesium compound at the ordinary tcmpeiaUuc, the gas is absoi bed 

according to the equation R MgX +0 = R O MgX On decomposing 

the product of reaction with water in the usual way, an alcohol is 
obtained * 


Tertiary alcohols are also formed togethei with ketones when caibon 
monoxide intei acts with sodium alkyls 1 

ff„' 62 ‘ 2 ?l 3 Cngnnrd - C * * w mo. /olmsky, 

fill K u 4 J Cr ' 18S > IO + 8 Mddola, /SC/, t 9 u>, 20 . 737 

4 Scluutnchj 1919, 60j 1910 J 1 l * f 
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Methyl alcohol, methanol, caibmol oi wood sfimt, CI LOH, is found 
in the combined stale in nalme, eg in the foun of methyl salicylate in 
oil of wmtcigiccn, and as the methyl estei of anthianihc acid in oil of 
oiangc floweis 

It has long been prepared technically by the cliy distillation of wood 
in 11 oil ictotts at the lowest pi act 1 cable lempcialuie Undci these 
conditions a ceitain amount of gas is pioduced, logelhei with a fluid 
distillate consisting of an aqueous liquid (pyioligncous acid) and wood 
tai Wood charcoal icmains behind m the rctoit The aqueous layci 
scpaiattng fiom the tai contains a laigc piopoition of water in addition 
to a liiunbei of olhei substances, chief among which aie acetic acid, 
acetone and methyl alcohol One hundied pails of wood yield a little 
moie than one part lof methyl alcohol The acetic acid in the 
pyroligneous liquoi is fit si neutinlised by the addition of lime, aflei 
which the methyl alcohol, acetone and a numbci of olhei substances 
of less impoitance aie isolated by fiactional distillation The methyl 
alcohol may be tcndcied anhydious by boiling it foi some time with 
fleshly picpaiccl lime and subsequently distilling scvcial times ovei 
metallic calcium 1 

Since 1923 methyl alcohol has been synthesised mdustnally fjom 
the caibon monoxide of walei gas (Patatt Pioccas, Badische Amlin- und 
Soda Fabnic) 

CO h 2 II„ = CIIflOH 

The 1 eduction is effected by means of hydrogen at high lempeialurcs 
(450°) and picssuies (200 atmos) 111 the piescncc of catalysts (Vine 
OMde and chiomuim oxide?) By vaiymg the catalyst, f ynthol % a 
mixluic of homologucs of methanol, is pioduced 

Puic methyl alcohol is an inflammable liquid of boiling-poml 646% 
which is miscible m all pioporlions with watci In chemical behaviour 
it stiongly lescmbles ethyl alcohol On oxidation it is convcilcd into 
foimaldehyde, foimic acid, and finally caibon dioxide 

CII fl OH —II cf°—> II ->- CO, hlloO 

MI x OII 

l^ormflldchydc Formic ncicl 

Ciudc wood spuit is- used technically foi llie dcnatunsation of alcohol (picpaiation 
of methylated spnits) and in the manufacture ofinihne dye stuffs and varnishes 

Ethyl aloohol, ethanol, spuits of wme, CII a CH 2 Oil, is found 
occasionally in nalme, eg, as the butylic ester m umipc fnuL of 
he>aclemn gigantenm and an diabetic mine 

Formation n.nd Piopaitvbion —It may bo obtained synthetically by the gencial 
methods of fonnation given above for prunaiy alcohols I '01 example, ethylene 

1 Metallic magnesium is tIso recommended for this purpose, N Bjerium and I /cchmeistcr t 
Bet , 1923, 60 ( 894 
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unites with, sulphuric acid to give ethyl hydrogen sulphate, which on hydiolysis 
with water yields ethyl alcohol 

CjHj SOjH+H a O = Call, Oil ! EI a SO, 

As ethylene may be prepared from acetylene, and the latter fiom carbon and 
hydrogen, this reaction provides a complete synthesis of alcohol 1 

Alcohol is obtained industrially by feimentation pioccsses based on 
the decomposition of various sugars, paiticulatly gi ape sugai 01 glucose, 
C«bI l2 O 0l jn the presence of living yeast cells 2 

c a H 12 o 0 = 2 c a n { on haco a 

Glucose Ethyl alcohol 


In addition to ethyl alcohol a numbei of by-products aic foimcd 8 
which vary with the nature of the sugar employed and the conditions 
of fermentation Prominent among these arc the highci alcohols, 
especially amyl alcohol OH, succinic acid, acetaldehyde and 

glycerol Alcohol is obtained fiom thefeimenlcd liquid by distillation, 
and is brought on to the market under chffeient names, accouhng to the 
proportion of alcohol and the natiue of the by-pioducls pi (..sent 
Whisky or brandy contains 3° to 60 pei cent alcohol, and spn its and 
methylated spirits for domestic and industrial use 70 to po pen cent 
Higher concentrations are generally known briefly as alcohol 

The stalling material for the manufactuie of anv one of these 
products is not glucose, but less expensive substances fiom which 
glucose may be generated and subsc quenlly fermenLcd 

In all there are three sources of taw matenal available foi the 
manufacture of alcohol or alcoholic bevciagcs 

1 Starchy substances such as potatoes, corn, bailey, ncc 

2 Materials containing sugar, such as ( a ) fruit in which glucose is 
found {eg grapes, plums), {b) cane and beet sugai, oi the molasses fi0111 
t eir manufacture (p 3°S), and {c) substances containing lactose 

3 Already fermented liquids, such as wine which is not otherwise 
saleable 

m° st: representative case is that in which slaichy matenal 
fornris the starting-point, when the following sepaiate pioccsses are 
to be distinguished in the production of alcohol I Formation of 
a solution containing sugars from the starchy raw malcual II 
Decomposition of the sugars m tins liquid by fci mentation III 


tor, iSr#iis Ohui l n Mld Kerb ’ 62 , 1679, nlno Anier, 

^ Jf’ } ’ ™ W f 19291 02> 1651 S Buchuer nnd Mowflnlwm.or, 

fnJ LiS«k’rqm S, 6 S ' f£t ?,1' ’ ,910 ' 48 '• r 9 ia - 4B ' l6 « Conuatdn 

if^.,rr aas - rs au* ^ 

the couweT^thTd^datlJn ^^rocess^ , " teri ^ d ‘'“ <s com P ound8 or diverting 

prepared technically W IT * 7 , 3 .° rlbCd ho 

good Illustration of th^manner!n w „ch th a n ? f ‘r" ° Pr ° 8 ° nC f ° f 8U, P h,leB » '^orA* a 

wtucii the action of ferments nuiy he controlled 
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Distillation of alcoholic liquid fiom the fermented mash IV Final 
1 edification of the distillate 

When the manufactuie is based on one of the above law pioducts 
olhei than staich, the piocedme is modified In the fermentation of 
malenal containing sugai, piocess I is diopped out and piocess II 
becomes the starting-point If wc aie concerned with the treatment 
of ahcady feimentcd liquids, a beginning is made with piocess III 

In Stage I slatch is conveited by means of cei lain so-called 
enzymes (see p 138) into a sugai maltose, which, undci the influence 
of othei enzymes piesenl in yeast, internets with water to give glucose 1 

CigH 2J On -t II a O “ 2C 0 II ia O 0 

Maltose Glucose 

The foimci change is usually biought about on the industrial scale 
by means of diastase , 2 a white odouilcss and tasteless powder, the 
composition of which has not yet been accuialely dclei mined It is 
pioduccd duimg the gciminalion of coin, and is found also in saliva 
and the juices of the panelcas, whcic it plays an important part in the 
digestive processes 

In the ptoduction of sugar from staich, diastase is not employed in 
the puie state but is used together with the whole coin in the foitn of 
malt, which is picfeiably obtained by the germination of barley The 
simplest method of prepaialion is to allow the moist barley to 
gcimmatc in the daik at 15°, in laycis about 12 cm high 

The malt is next mixed with watci and unlimited coin, when the 
lattci is ti ansfotmed into sugai and the liquid 01 mash so obtained 
is then icady foi fcimentation In another piocess, potatoes aie 
conveited into a thin homogeneous paste by ticalmcnl with supet- 
healed steam, and malt subsequently added At a tcmpeialuie of 
6o° to 62° the foimation of maltose is complete 111 twenty minutes 

Stage //—The sugai in the “ mash ” obtained in this manner is 
then fcimented by the addition of yeast, and the fei mentation allowed 
to piocecd at a tcmperaluic not higher than 33° 8 

Fermentation of the mash occupies thice to foui days, and is 
accompanied by the evolution of carbon dioxide and consequent 
fiolhing of the liquid 

Veiy diffcicnt views have been expressed as to the significance of 
the pioccsscs undei lying alcoholic fei mentation Pasteur believed 

1 Since maltose is also a fermentable sugar, we may consider Ihc two sugars maltose and 
glucose to be the immediate source of ethyl nlcohol in the above process * Starch may also 
be converted into sugar by heating with dilute sulphunc acid 0 In addition to the alcoholic 
fermentation of saccharine liquids various other reactions arc classed ns fermentation processes 
Milk sugar fermented with bnclet lutn lachcttm yields lictic acidi a icaction known as lactic 
fermentation and which causes the sommg of milk in an (Buchner and Melscnheimci, Ann , 
1906, 849| 125) Under the influence of Baalim bulyt ten?, tins lactic acid may be transformed 
into butyric icid (Buchnci and Meisenlieimcr, Bet , 1908, 41, 1410) Succinic, citric, and other 
acids occurring in plants m iy also be obtained by fermentation 
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fermentation to be a purely physiological action, 1 nsepai ably bound 
up with the life of the yeast cells and actuated by cellulat meta¬ 
bolism 

Liebig, on the other hand, consideied it to be a puicly chemical 
change The point was settled later by E Buchnct, who submitted a 
mixture of yeast and fine sand to stiong piessuic, dtsiupling the cell 
walls and obtaining an “ expressed yeast juice" which no longei 
contained living cells, but nevertheless possessed stiong feimentative 
power This ability to induce fei mentation was ictained even after 
the liquid had been evaporated tn vacuo and the diy mass again 
brought into solution 

The chemical changes taking place dunng fermentation ate 
therefore due to the activity of this substance, named zymase, which 
belongs to the enzyme group The yeast cells only paiticipatc in the 
process of fermentation in so fai as they genciatc zymase Alcoholic 
fermentation may therefore be defined as the change biought about by 
the action of zymase on ccitam sugais 

Buchner Ins also shown that other fermentation piocesscs, such as lactic acid 
fermentation, arc not produced by the fungi themselves but arc duo to the action 
of enzymes contained in them 1 

Enzymes 01 unorganised ferments occur widely in plant ancl animal life and 
play an impoitant part in metabolism, but little is known as to then chemical 
composition as few have even been obtained in the relatively pure state Up to the 
present it has only been possible lo identify them by then chemical action SmuUily, 
little can be said with certainty as to the mechanism of the icaction In all 
probability they do not undcigo decomposition themselves but develop their 
feimentative activity solely by catalytic action It appeals to be .1 cliaiactcnsttc 
property of the enzymes that each shows its activity towards one definite chemical 
compound alone Emil Fischer, to whoso work we owe much of out knowledge 
of these substances, has compared the relationship between enzyme and compound 
attacked to that between a key and its lock This metaphoi applies so completely 
that the enzyme docs not even attack the stereo isonierido of the compound tow aids 
which it shows its activity The selectivity is piobably connected with the 
asymmetry of the enzyme molecule 

It was originally believed that enzymes had a number of points in common with 
proteins nnd wcie possibly derived from them Recent investigations by Wilhtfittei 3 
and othcis have now shown that enzymes may be further puiificd by fractional 
absorption of the active substance on (and fractional elution from) a variety of 
absorbent materials, eg, alumina, kaolin, tiisteann, lead phosphate Ihcpaialions 
of lipase, InvertasCr and peroxidase obtained in this way, although in a high slate 
of activity, are free from all recognisable propoi ties of protein Ilcnce these at least 
are not lelatcd to proteins in structure Willstittterrcgards an enzyme as a composite 

system, comprising a specific catalytic molecule or gtoiip associated with a non¬ 
specific catalylically inactive colloidal product 

In the fei mentation of sacchanne fluids by living yeast cot tain 
other chemical changes take place, which may be ascribed to the life 
processes of Lhe yeast itself For this reason the simple chemical 

> Sec Note 3 on previous page a Willsi'lttor, J C S, 1027, 1359 
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equation, accoidmg to which ioo parts of a sugai, C 0 II l2 O 0 , should yield 
5 1 n pails of alcohol and 4933 paits of cat bon dioxide, is not s>li icily 
m accoidance with the actual facts Yeast uses up sugai in maintaining 
its life, and even with fcimentation expci iments on the small scale, in 
which all piccdutions ate taken, thcic aie obtained fiom 100 gms pme 
sugar, C # II„O fll no moie than 48 49 gras alcohol 

A theory of alcoholic fermentation advanced by Ncubetg 1 supposes 
the process to occiu through the intei mediate foimation of pyruvic 
acid Undci the influence of a ferment, catboxylase, picscnt in yeast 
and its piepaxations (eg , cxpiessed yeast juice), pyruvic acid icadily 
decomposes into caibon dioxide and acetaldehyde, and it is supposed 
that the latter undeigocs phytochcmical 1 eduction to alcohol Both 
of these compounds can be isolated in quantity fiom a yeast fci menta¬ 
tion, pyi uvic acid by the addition of calcium cai bonatc 2 and acetalde¬ 
hyde by fcimcntmg in the picscncc of sodium sulphite, which serves 
to “ fix ” the aldehyde as it is foimed 

Stage III —Fiom the feimentcd mash, in which the concenlialion of 
alcohol does not exceed 18 per cent, alcohol is 1 emoved by distillation 
F01 this pui pose stills arc employed which permit the dnccl distillation 
of appioximalcly 90 per cent alcohol The aqueous mass which 
lemains behind in the distillation vessel is tcimecl “spent wash,” and 
is utilised as cattle food, in it aie to be found neaily all the pi oleins 
contained in the stalling malctial 

Stage IV —The law spmt is next icfincd by lcctification, at least 
foiu scpaiate fractions being collected as follows — 

1 Fust lunnmgs, ie t low-boihng by-pioducts consisting mainly of 
ace laid chydc, boiling-point 20 8° 

2 Spn it of 93 pci cent ethyl alcohol 

3 Spn it of 90 pci cent ethyl alcohol 

4 Final ninmngs, ie ) highei boiling pioducls, containing amongst 
other compounds fei mentation amyl alcohol (fusel oil), which consists 
of a mixtuic of isomeric alcohols of the foimula C fi II u OII 

F01 the picpaialion of alcohol of highei punty than 93 pci cent, 
fractions 2 and 3 aie again submitted to ft actional distillation, whci eby 
alcohol containing 9G pei cent by volume is obtained 

Between opeiabons III and IV, that is aftu the picpaialion of 
law spmt and bcfoic icfining, the liquid is sometimes filleted thiougli 
chaicoal to icmove fusel oil 

Finally, if completely anhydious alcohol is lcquned, the tccliflcd 
spints (with 9S to 96 pci cent alcohol) is distilled ovci quicklime 
ignited potash, anhydious copper sulphate 01 bat nun oxide, in older 
to lemove the bulk of the water Last traces of walci may be letnovcd 

1 C Nouberg, 11 Die G'lrungavorgltnge und dcr Zuckerums'itz dcr Zolle," Jana, 1913 See 
also Bwchem /, igifi, 02, 234, Bey , 1919, 62,1677 a I-ernbach £f Inst Buvang , 1916, 
22 i 354 ) has shown that large quantities of pyruvic acid are formed during alcoholic fermentation 
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by treatment with the requisite amount of sochum and subsequent 
distillation 

Attention has recently been diawn to the use of olhci law matcnal 
for the production of alcohol, such as wood, wood shavings and the 
sulphite liquor from the matnifactuic of cellulose The lattci is nch 
in the carbohydrate constituents of plant cells, pat liculai ly sugar, and 
after neutralisation may be fei merited by a special kind of yeast to 
yield alcohol Wood and wood shavings, 1 aftei hydiolysis by heating 
under pressuie with dilute acids, yield 25 to 80 pci cent of soluble 
carbohydiate, of which 80 pet cent may be obtained as fcimcntablo 
sugai Anothei possible soutcc of alcohol is in calcium catbide or 
acetylene Under the catalytic influence of meicury salts, acetylene 
in warm acid solution combines with the elements of watci to give 
acetaldehyde, which may then either be reduced to alcohol 01 oxidised 
to acetic acid 2 (p 118) 

Propet lies —Ethyl alcohol is a colourless mobile liquid with a 
pleasant, pungent smell It boils at 783° and melts at — in 8°, 
sp gr o 789 at 20° Alcohol burns with a pale blue non luminous 
flame It is extremely hygroscopic and mixes m all piopoilions with 
water, when a contraction m volume takes place The gieatcsl 
diminution occurs when 53 9 vols alcohol are added to 49 8 vols 
water, the mixture occupying 100 vols instead of 103 7 Ihe con¬ 
centration of aqueous solutions of alcohol may be ascci tamed by 
deteimining the specific giavity by the use of suitable hydtomctcis 
In technical woilc the concentration is usually quoted in pciccntage by 
volume, and in scientific work in pciccntage by weight Alcohol is 
an excellent solvent foi many organic compounds such as lcsins and 
oils It is icadily oxidised, being conveited fiist into aldehyde and 
then into acetic acid 

Uses —In addition to extensive use as a bevciagc, alcohol is 
employed for a vanely of industrial and scientific puiposes Owing 
to its value ns a solvent foi resins and dye-stuffs it is lcquned 111 
quantity foi the preparation of colouiless and colouicd varnishes It 
enteis into the production of a number of coal-lai dyes, alkaloids and 
other prcpaiations such as peifumes and collodion As the stalling 
material it functions 111 the prepaiation of numcious oigamc compounds 
such as cthei, chlorofoim, chloial and fulminates of mcicmy and silvci 
In scientific laboratories it is one of the commonest solvents and is 
also used as a source of heat 

Alcohol intended for use as a bevciagc is usually heavily taxed 
and therefore expensive On the other hand, alcohol foi industnnl 
purposes is now duty free in most countues, including Great Britain, 
where for many years the tax veiy senously affected the industry in 

1 Tomlinson, Cheat Tradt Journ t 1918, 08 , 103, C, 1919, IV, 543 9 Grllnstoin, 

Z attg Ch , 1919, 82 , 335 
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fine chemicals Industrial alcohol, howevei, must fust be dcnatuied 
oi lendeied unfit foi human consumption by the addition of ccitam 
substances The dcnaluiants may be ciudc wood spinl and pyudine 
bases, as in Get many, a nuxluie of wood naphtha, muieial naphtha 
and pyndrnc as in Gieal llntain, 01 benzine and wood spnit as in 
Ameuca In addition, incompletely dcnatuied alcohol (industrial 
methylated spmts), oi alcohol containing special denaturants, is 
allowed for use m those industi tes wheic oidinaiy methylated spmts 
would be unsuitable 

Detection of Ethyl Alcohol —On wanning alcohol with iodine and 
potassium hydioxide, loclofotm is ptoduced (p 124) This leaction is 
vciy sensitive, and by its use the picscncc of 1 pait of alcohol in 
2000 pails of watei may be detected Sevcial othci compounds, 
howevei, including acetone, also give this test 

Sodium etUoxide, sodium ethylate , C 2 H B ONa, is obtained by 
dissolving sodium in excess of absolute alcohol 

2 C S II 0 OII + aNa - 2C 2 II 6 ONa I II, 

It is 1 caddy soluble in alcohol, giving a solution which turns brown 
in an owing to oxidation lhc puic compound foims a white powdci 
and is fiequently employed alone or in alcoholic solution as a condensing 
agent in 01 game synthesis 

TrlTiromootliyl aloohol, " Avettin" CBi a CH 2 Oil, is a white 
ciystnlhnc substance, mp 79 to 8o°, which is used medicinally fot 
inducing icctal naicosis 

Propyl aloohols, propanols , C fl II 7 Oil Both of the theoretically 
possible slnictuial lsomcndes of this foimula aic known, vi/ — 

II,C CII, CII 2 on and II,C. CII(OII) CII B 

Noirml propyl alcohol, Isopropyl alcohol, 

I-Propanol, 2 Propanol, 

Ethyl carbinoi Dimethyl carbmol 

The constitution of both compounds follows fiom then behaviour 
on oxidation (sec p 130) Noimal piopyl alcohol on tieatmenl with 
chionnc acid is convctlcd successively mto piopionaldehyde and 
piopionic acid, showing it to be a pumaiy alcohol, isopiopyl alcohol, 
on the othei hand, yields acetone and is Lheicfoio a sccondaty alcohol 

Noimal propyl alcohol, boiling-point 97 0 , sp gr o 8044 at 20°, occuis in fiisel oil, 
fiom which it is obtained by fractional distillation In tistc and smell it resembles 
ethyl alcohol 

Isopropyl alcohol, boiling point 83*, sp gr o 7887 at 20°, is best prepared from 
glycetol thiough the mteimediate foimation of isopropyl iodide, CII 3 CIII. CIIj 
It is also formed by the icdiiclion of acetone with sodium amalgam, a further proof 
of the constitution given above 

Butyl aloohols, CjIIg OH Four sliuctuial isomerides aic theo- 
lclicaHy possible, all of which aie known 
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1 Normal butyl alcohol, propyl catbinol^ i butanol , CII 3 CII a CIL CII 2 OII, 
ts prepared by reducing butyric aldehyde or by the fei mentation of glyccto] 
It is a colourless liquid, b p 1168 0 , with a smell of both alcohol and fusel oil On 
oxidation it yields butyric aldehyde and nounal butyric acid, thus con finning the 
above formula, which may also be deduced from its method of synthesis 

2 Secondary tmtyl alcohol, methyl ethyl ccivbtnol^ 2 butanol , GHij CII a 

CH(OH) CH 3 , may be obtained from methyl ethyl ketone by leducmg it in moist 
ethereal solution with metallic sodium, or fiom the iodide CII 3 CII 3 C 111 C 1 I 3 
by the method indicated on p T33 This iodide can be prepaicd fiom the alcohol 
erythntoE, by the action of hycliiodic acid Second uy butyl alcohol 

ts a colourless pleasant smelling liquid boiling at 98° On oxidation it yields 
methyl ethyl ketone, which on fuither oxidation yields acetic acid 

Optically active sec butyl alcohols may be prepaied by the method of Pickaid 
and Kenyon The racemic alcohol is combined with phtlmhc anhydndc to give 
butyl hydrogen phthalate, and this is then resolved by leciystallismg the biucmc 
salt The active acid esters so obtained yield the active alcohols 1 on hydiolysis 

3 laobutyl alcohol, fet mentation butyl alcohol , isopi opylcatbmol^ 
z-meikyl-ypiopcmolt (CII B ) fl CII CII^OII, is foimctl m small amount 
during the alcoholic fermentation of sugai* It boils at 107° and is 
therefore found m fusel oil, particulatly in that obtained fiom potato 
spirit From this souice it may be isolated by 1 edification in suitably 
designed columns It is soluble to some extent in watu, and in smell 
resembles both alcohol and fusel oil On oxidation it fust yields 
isobutync aldehyde and then isobutyiic acid 

Amyl alcohols, C B II n OH, should exist accoiding to ihcoty in eight 
isomers, four of which aie primary, tluec secondaiy and one tciUaiy m 
structure All of these are known 

1 CH fl CII a CH a CIl a cn 0 (on), normal amyl alcohol, b p 137® 

2 CCIDaGII GTT a CHflCOII), fermentation mnyl nicohol, bp 131° 

3 CH a OH CH fl (OH), usually known as active amyl alcohol, bp 125° 

CH a CII, 

4 (CTI s ) a C CII a {OI]), tertKty butyl cirbmo!, b p na 0 

5 CC a II 6 ) a CIl(Oir), diethyl c^rb.nol, b p 117“ 

C 3 CE4 a ^}«>C 11(011), nwthyl « propyl carbmol, b p 119 ° 

7 (Cnj^Cir-^Qncoij), me t],yi_ ls 0 p T opyi_ ca rbmol l bp II 2 0 

8, CI] 3 CII a \ 

^C(OII), dimethyl-elliyl-carWnol, b p 102 s° 

Only those alcohols which possess special interest will be discussed 
here 

Fermentation amyl alcohol, Isoamyl aloohol, (CH n ) 2 CII CIT 8 
CHjjOH, bp 131 1 is the chief constituent of fusel oil Uic name is 
derived fiom starch (amyium), these alcohols having been fust isolated 
as by-pioducts in the fermentation of slaich to ethyl alcohol .Accoiding 
to Ehrlich, 2 the pioduction of fusel oil during fci mentation is a lesult of 
the protein-foimmg activity of the living yeast cells and is due to the 

1 Pickard and Kenyon,/ C S t 1913, los, 1938 8 F Ebrhch, Be, , 1907, 40 , 1027, 
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disniption of cctlam amino acids, pailiculaily leucine, isoleucine and 
valine, by the yeast to satisfy its need foi mtiogen and foi the pio- 
duction of zymase The conespondmg highet alcohols aic lcfL behind 
as non-assi in liable pioducts of metabolism In this way /-leucine gives 
use to inactive isoamyl alcohol, / isoleuune to lacvoiotatoiy amyl 
alcohol, and valine to isobutyl alcohol It is piobable that the other 
alcohols which occm to a smallei extent in fusel oil aic also dcnvcd 
fiom amino acids 

£[^>CII CII a CIICNIIa) CO a II + II a O - P[j 3 >CII CII B CIIaOIlH C0 a I Nils 

l Lotiohio InnotUo fsonmyl nlaohol 

1 lie eailici view that amyl alcohol was pioduccd duiing fei menta¬ 
tion by the action of bactcua on sugai has thercfoic ptoved mconect 
The chief souiccs of fusel oil ate the ammo acids alicady picsenl as 
such in the natuial mash and those pioduccd fiom piotems of the law 
matcnal duiing the convcision of the malt into sugai The pi oleins 
contained m the yeast play veiy little pait in the foimation of fusel oil 

A piactical outcome of the above is that the content of fusel oil in 
law spmt may be incieased by the addition of leucines and then 
homologues to the feimcnting mash On the othci hand, by the 
addition of sufficient amounts of olhei nitiogenous compounds which 
are easily assimilable by the yeast, the fonnation of highci alcohols 
duiing fei mentation may be almost completely avoided Amyl alcohol 
is a valuable aiticle of comineice owing to its numcious technical 
applications, eg , as a solvent in the nianufactuic of varnish, and m the 
foim of amyl acetate and othci csteis in the eonfectionciy, tnmeial 
watci and fiuit essence industnes 

Fei mentation amyl alcohol is always accompanied by laevovotatory 
amyl aloohol, 2-methyl-1-butanol, Cir a CH 2 CH(CII a ) CII 2 OH, which 
is of mtei cst as one of the simplest examples of an optically active 
compound The piopoition of optically active alcohol in the com- 
meicial alcohol is vety vaiiable Ihc pioblcm of scpmating these two 
products, the output of which amounts to thousands of tons pei annum, 
was solved by Maichwald 1 An examination of the fusel oils isolated 
fiom the spuit picpaicd fiom potatoes, coin and beet sugai molasses 
i cspcctivcly, with rcfcicncc to the lclalive amounts of amyl alcohols 
picsenl, showed that a ptoduclivc soiuce of active amyl alcohol was to 
be found in the fusel oil fiom molasses The piopoition of active 
alcohol in the lattci vaucs between 48 and 58 pei cent One of the 
methods of scpaiation woikcd out by Maiclcwald was based on eaiher 
cxpci nncnls of Pastern, the two alcohols being convcitcd fit si into the 
amyl sulphunc acids, the mixed banuin salts of which may be separated 
by Factional cjystalhsation and the pine alcohols lcgcneiatcd fiom the 
individual salts Although the two salts foim an unbioken series of 

1 Bet , 1901, 84, 47Q, 485 , 1902, 86, 1595 , 1904, 8V, 1038 , 1909, 42, 1383 
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mixed crystals, their separation may be effected completely and com¬ 
paratively easily by careful fractional crystallisation 

The sepaiation of the amyl alcohols of fusel oil may also be effected 
by conversion mto the solid esters of 3-mtiophthaUc acid and subse¬ 
quent fractional crystallisation 

The optical activity of pure rjT-amyl alcohol 1 (2-mclhyl-i -butanol) is 
[<-5 83 ° 

Dimethyl ethyl carbinol, tertiary amyl alcohol , amylene hyaiale, 
(CH 8 )iiC(OH) CgH 6f is a liquid with a smell like camphoi It is used 
as a hypnotic and is piepared industiially fiom fci mentation amyl 
alcohol When the latter is distilled with zinc chlondc, watei is split 
off and a mixtuie of isomeric amylenes of the fonnula C 0 II 10 obtained 
On being shaken with aqueous sulplnmc acid at—20° this is pailly 
dissolved, giving a solution of the acid sulphate of teif amyl alcohol, 
which on subsequent dilution and distillation yields the alcohol 
itself, Tnmethyl-ethylene (bp 37 0 ), an amylcnc of the fonnula 
(CH 3 ) a C CH CH S , is prepaied by heating the alcohol to 200° and 
is used as a narcotic under the name of pental 

Among the higher alcohols only cetyl alcohol and myncyl alcohol need he 
mentioned 

Oetyl alcohol, he 1 adecyl alcohol , C 16 H 23 OH, occuis as the palmitic cstoi in 
spermaceti, from which it is obtained by hydrolysis with alcoholic potash U is n 
white crystalline mass ot melting point 49 5 s 

Myrlcyl or msUasyl alcohol, C 30 II ol OII, is found as the palmitic oslei in 
bees wax and melts at 85 s 

UNSATURATHD MONOHYDRIC ALCOHOLS 

These may be derived fiom the olefines oi acetylenes, and 
consequently show on the one hand the behavioui typical of the 
saturated alcohols, and 011 the othci the additive piopeitics of the 
unsatuiatcd hydiocaibons 

It should be remcmbeied that the gtouping C CII Oil is unstable 
and readily passes over into the gioup CH—CII O (see p 62), te, 
the alcohols m which the hydroxyl gioup is attached to a doubly 
bound carbon atom are for the most part unstable and isomeiiso mto 
the corresponding aldehydes An example of this type is vinyl alcohol , 
ethenol, CH a CH OH, traces of which ate supposed to be present 111 
commercial ethei All icactions which might be expected to give this 
compound yield instead its isomende acetaldehyde, CII 8 CII O 

On the other hand, unsaturated alcohols m which the hydioxyl 
group is united to a singly bound carbon atom aic stable and me 
known in large number, One of the most impoitant of these is allyl 

1 Although laevorolatory, the alcohol ia generally termed d mnyl ilcohol na most of its 

derivatives have a dextro rotation For derivative* of amyl alcohol compira 0 Asclmii, 
<7,1918,11,939 1 
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alcohol, 3-piopcnol, CII a = CII—CII a OII, which occuis in law wood 
^pnit (o i to o 2 pci cent) II maybe piepaiccl fiom aflyl iodide by 
heating with watei to 100°, 01 moie conveniently fiom glyceiol by 
heating to 260° with oxalic acid As has been shown by Chattaway, 
this icaction involves the foimation of a neutial glyceiyl oxalate and its 
decomposition by heat into CO a and allyl alcohol When oxidised 

C1LOII CILOII CII.OII 

I I I 

ciioii iiooc —^ cuo oc —> cii j-accx 

I i I I I II 

CIIjOII IIOOC CII 2 0 OC CII a 

nndci ccitain conditions iL yields fust aciylic aldehyde 01 aciolem and 
then aciylic acid, showing it to be a pmnaiy alcohol 

ir a c cii enpn —i► n,c cii cii o —n a c cii coon 

Allyl alcohol Acrolein Acrylic acid 

On oxidation with potassium pei manganatc, two hydioxyl gioups 
aic added to the allyl alcohol molecule, tiansfoinnng it into glyceiol 

II a O 1 O 

ii 2 c cii ciigOii-->- cii„oii ciioii cii 9 oii 

Allyl alcohol Glycerol 


Ally! alcohol ts a pungent-smelling liquid, bp 96% at — 50° it 
solidifies to a mass of ciyslals It unites with hydiogon and halogens, 
and foinis an ozomdc with o/onc 1 the laltu is an unstable syiup 
which decomposes at 100m tempeiatuic, and on boiling with watei is 
liydiolysed to yield an aldehyde (see p in) 


A mimbci of imsatiutiled alcohols and then concspcmdmg aldehydes ue found 
in the essential oils of plants associated with cyclic teipenes (p 464% to which they 
'ue closely 1 elated in btiucture Hence they aic known as oteftMt oi open tham 
fupenc aUo/tols Well known examples of this class me geiamol % mi a! and 
ci ft onellol 

aorantoi, (CII^C CII CU 2 CII B C(CII-j) CU CII 3 OII, is a pleasant-smelling 
liquid, bp 121717 mm U maybe isolated fiom i!’ci an ium oil ot prcpaicd by the 
induction of the aldehyde citral, into which it is again tiansfoimed 011 oxidation As 
will be seen Intel, it yields the cyclic leipcnc denvalivc ieiptn^ p 469, on UeaUnent 
with dilute sulplume acid 

Geuiniol is the chief constituent of gLiamum oil, lose oil and lemon glass ml 
Noted appeals to be a gcomctucal isomeudc of gciamol It ha^ an odoui of loses 
and is a valuable constituent of pci fumes Oltion&Uol, 


CII 


cn tf 

C1I 3 Clio CII a CII C1I 2 , CIIaOII, b p 117 to 11S 0 /1 y nun , occms m the 

CII 3 ^ 

/foim m rose oil and in the r/foim in citionella oil As in many othei compotindg 

en 3 \ cn 3 

of tins type, the tcimmal gioup leadily isomemts into C nndci the 

cii*^ cn tt 

mfiuonco of icagents 



1 Harries and Langlield, Ann , 1905,843, 3 ii 


It 
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Phytol, C 2a H 80 OH, is one of the higher unsatuialed alcohols It 
possesses special inteiestas standing in close 1 elation ship to chloiophyll 
(the green colouring matter of leaves), fiom which it has been isolated 
by Willstatter 1 When chloiophyll is licatcct in cold alcoholic solution 
with oxalic acid, the atom of magnesium which is an mlcgial pail of 
the complex molecule is replaced by two atoms of hycltogcn, and a 
wax-like substance called phaeophytm produced The lallei is an 
ester, and on hydrolysis with cold alcoholic potash gives the alcohol 
phytol, C 20 H 8# OH Phytol is an impoitanl constituent of the chloio- 
phyll molecule, since it is obtained in appt oxunatcly equal yield fiotn 
the chlorophyll of all classes of plants It is a coloutless oil, which 
cannot be distilled without decomposition except at cxlicmely low 

pressures It boils at 145 0 undei 003 mm prcssuic, and piobably has 
the following structure 8 


CH S CH (CII 2 ) S cn (CII a ) a 
CH a CII 8 


Gil (J CII CIljOII 


A 


II 


3 


CII 


s 


Propargyl aloohol, 3 propinol, CH C CII a OlI, is an example of an alcohol 
derived from a hydrocarbon of the acetylene series It is obtained fiotn mono 
broinoallyi alcohol by removing- hydrogen bionude with potash It is a plctsaiU- 
smellmg liquid of boiling point 114°, which directly adds on font atoms of biominc, 
and like the acetylene hydrocarbons yields explosive metallic compounds with 
ammomacal solutions of cuprous chloride or silvci nitrate 


V 

Esters of Monohydiic Alcohols with 

Inorganic Acids 

As already mentioned on p, 132, csteis may be computed to metallic 
salts, and are produced by the union of acids, and alcohols with 

simultaneous liberation of water C01 responding to halide salts mo 
the esters of halogen acids, already Ucated on p 119 undei the heading 
of monohalogen substitution products of the hydiocai bons Esloi s m 0 
also known of othei mme.ai acids Poiybasic acids give use to scvci.il 
series of esters m the same mannet as they foun sevoial senes of salts 
When the total replaceable hychogen of an acid is displaced by 
alkyl groups, neutral esters arc foimed, cot 1 espondmg to neut.al salts 
Tiese esters are mostly liquids of neutial leaction, often of vety 
pleasant odour and almost or completely insoluble in watei 

1 on the other hand the replaceable hychogen of a poiybasic acic! is 

orX P id y A S 1 by a%1 an actd cstci ot cstei acid \l 

produced Acid esters are genuine acids and capable of exchanging 

Willstatter and Hocheder, Am , 1907, 8 B 4 , 20 S «FG Fischer, Ann , 1928, 404 , 69 



ESTERS OF SULPHURIC ACID 


147 


the as yet umeplaced hyckogeu foi metals m the usual mannet They 
aic consideiably less stable than the noimal esleis, ate odouilcss and 
gcncially dissolve icadily m watei 


C a II 6 IIS0 4 

luhyl hydrogen sulphate 


(C 2 ll 6 ) i SO l 

Diethyl sulphate 


All estcis aie hydrolysed on heating with sodium 01 potassium 
hydioxide, 01 by licatmenl with supeiheated steam, when they bieak 
up into the alcohol and acid fiom which they aic deuved I he foi mei 
piocess has long been employed m the manufactuic of soaps fiom fats 
and is thciefoie known as saponification Acid estcis aic often 
hydiolysed to the fiee acid and alcohol mciely on being mixed with 
watei at the oidmaiy tcmpciatuic, but the action occius moic icadily 
on boiling 


C 2 II r ,NO # i KOII 
C 2 II fi IISOi i II a O 


CjIIj 011 4 kno 8 

C 2 II D Oil H II.SO, 


Methods of Pot motion —>i Fiequently by dnccl mtciaction of acid 
and alcohol CH, 011 4 IIC 1 => CII a CI I ILO 


Undci these conditions polybasic acids fiist give use to the acid estcis 


In this case thoie is no quantitative conveision of alcohol and acid into ester, 
but the formation of the lattei ceases at a ccitum point which is called the 
cquihbmim point This slate of affairs is biought about by the hydiolytic action 
of the watei libeiated, and leads eventually to a stale of cquilibnum lly employing 
an excess of acid oi by removing the cstei fiom the reaction mixture {eg, by 
continuous distillation) a laigcr yield may be attained 


2 By the action of silvct salts of the acids on alkyl halides 1 

C a II 5 I I AgNO„ - C a IT fl N0 8 l Agl 

3 By double decomposition between acid chlondes and alcohols oi 
piefeiably sodium alcoholatcs 

S0 8 C1 2 l 3C a n s OII * S0 2 (0C 2 II B ) s 4 aIICl 

Among the numcious estcis of mincial acids the most mteicsting are 
those of sulphuiic acid 


meters of Sulphuric Aoid 

Acid estcis of sulphuiic acid, RIIS 0 4 , usually tcimcd alkyl 
hydrogen sulphates, aic ptodneed on mixing alcohols with con- 
ccntiatcd sulphuiic acid oi by the union of ethylene hydiocaibons 
with conccntiatcd sulphuiic acid (p no) 

,OC 2 II ri 

so a (Oii) a 4 c 2 ii b on - so *\ on 1 it 2 ° 

They possess a stiong acid icaclion, and then salts aie, foi the most 
pail, leadily soluble in watei Among the lattei the alkali salts 

1 Sometimes an isontcrida of the expected ester is obtained by this method. 
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METHYL SULPHATE 


ciyslalltse well, and aie used m a vaucly of inactions Ethyl bio mule is 
conveniently picpaiccl by the chy distillation of a mixliue of potassium 
ethyl sulphate and potassium bionudc 

ICO S0 2 OCjIIb I Klh = KO S0 2 OIC | C a II r ,Bt 

The alltali salts give mcicaplans when healed with potassium 
hychosulphidc, thio-ethus with potassium sulphide, and alkyl cyanides 
with potassium cyanide 

Ncutial csLeis of sulphuiic acid, RgbOp aie pioditccd by the action 
of heat on alkyl sulphuiic acids, by heating alcohols with sulphuiic acid, 
01 alkyl iodides with silvei sulphate The most nnpoilanl ncutial cslci 
is dimethyl sulphate, which although employed foi many yeais in 
tndusliy as> a methylating agent has only lecently come into gcneial 
use m the laboialoiy 1 It is best piepaicd by the decomposition of 
methyl hyehogen sulphate at a high tempeiatuie 

.OCII, /Oil /OCIIfl .OH 

SO a < 1 SO/ - SO,< i SO„< 

NOII V 'OCII B N)CII fl Noil 

Moihjl hydrogen sulphate Dimethyl sulphite 

Methyl hyehogen sulphate is obtained by healing methyl alcohol with 
chloiosnlphonic acid 01 fuming sulphuiic aud 

Dimethyl sulphate boils at 188°, stiongly attacks the mucous 
mcmbiancs and is poisonous It is a valuable methylating agent and 
may be substituted in all cases foi methyl iodide, although undci the 
usual cxpcumcnlal conditions only one of the two methyl gioups 
is utilised In gcncial it icacts with much gieatei lapidily and gives 
bcltci yields than methyl iodide It is especially effective foi the 
mclhylalion of phenols 

When an alkaline solution of phenol is shaken foi i shoil tunc with a molecular 
piopoition of dimethyl sulphate, the phenol is piacltcnlly quanta itivcly methylated, 

GoIIflONa I (UIo^SOj = O 0 n B OCIIj, l NaClT.SO, 

Horllum plioimlts Aninolo 

Haters of nltrio aoid aie pioduccd by the action of alcohols on 
conccnlialcd mine acid, ficc fiom oxides of nitiogen They me 
mobile liquids which aie piactically insoluble in walei, and explode 
when lapidly healed 

The esters of nitrous acid, R O NO, aie isomcnc with the nilio- 
paraffins, R NO g , and of these only the Isoamyl cstci, C 6 II 1X O NO, 
usually known as amyl nitrite, need be mentioned It is piepaicd by 
leading nitiogen tnoxidc into hot amyl alcohol, and is a yellow liquid 
of boiling-point 98° It is employed in medicine (amyl mitts) on 
account of iLs piopeity of expanding the blood vessels and lelaxmg 
the conUactilc muscles It is also used m the picpaialion of mtioso- 
and dia/o-compounds 

1 Ullmann, Bet , 1900, 83 , 0476, Ann % 1903, 10 f Gr l ibe, yf «>/, 1 9 °Si 

For the methyhtion of sugars ace W N II iworth,/ C 1915* 10% 8 
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Among less common inoiganic estci s, those of phosphonc acid 1 may 
ptove to be of considciable value in the investigation of naluially 
occuinng phosphoi us compounds of physiological lmpoi lance (see 
nucleic acids) 


VI 

Ethei s 

Edicts may be considered to be anhydndcs of the alcohols in the 
same way as metallic oxides aie anhydudes of the couespondtng 
hydtoxides Accoiding to whether the alkyl ladicals united to the 
oxygen atom ate similai 01 dissimilar, the compounds aie known as 
simple ot mixed ethei s 

C.H, O C 3 II 6 C 2 II B O CEI, 

Diethyl ethei Methyl ethyl cihei 

(Simple ethei) (Mixed ethei) 

They may be ptepared 

1 By the interaction of sodium alcoholates with alkyl halides in 
alcoholic solution 

C 2 II„ O NihI CII 8 - C 2 H 6 O CII„ + NaI 

By this synthesis the stiuctuic of the ctheis was first established by 
Williamson 

2 By the action of sulphuiic acid on alcohols This method of 
foimation, which is descubed m detail below, is of gieat piactical 
lmpoi lance 

3 SabaUci and Mailhc 2 have developed a geneial method for 
picpanng estcis and ctheis, depending on the catalytic action of ceitain 
metallic oxides In this reaction an unstable alcohofalc of the 
metal is pioduced as an mtci mediate pioduct If the vapoui of 
ethyl alcohol is led ovei pi capitated alumina at tcmpeiatures between 
240° and 260°, the dehydration of the alcohol does not lcsull in the 
foimation of ethylene, C 2 II 6 OII= IlgO + CjjH^ but extends over 
two molecules of alcohol to give ethei, 2 C a II s OHi= II ft 0+(C a II B ) 2 0 
Methyl ethei, GH 8 O CII 8 , is obtained even moie icadily undci these 
conditions, since the foimation of an ethylene hychocaibon is not 
possible in this case The unstable alcoholalc (CH 3 O) 0 Al 2 is Lians- 
foimcd immediately into Al 2 O fl -f 3(CH B ) a O Titanium oxide, TiO z , 
Ihouum oxide, ThO a , and the blue oxide of tungsten, W a 0 B , may also 
be used as catalysts 

The above is an example of the simple and convenient syntheses 
which have recently been effected with the aid of metallic oxides as 
catalysts I11 a similai manna it is possible to synthesise ethylene 

1 K Langhcld, Bet , tgn, 44 , 2076 G Embdcn, Z physio] Ch , 1927, 1 ( 37 , 111 0 See 

ttlso Mailhe and dc Godon, Bull Soc , 1920 [iv>], 27 , 121. 
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hydroeaibons, aldehydes, ketones, thio alcohols and pnmaiy and 
secondary amines 

4 By double decomposition between alkyl halides and silvu oxide 

2C a II 6 I + Ag 2 0 = (C]IIg)g04 2AgI 


Ethers are very mobile liquids of neutial teaction and aic only 
sparingly soluble in water They aie compaialivcly inactive in a 
chemical sense and are quite stable towatds acids and alkalis 

Ether, ethyl ether, (C 2 H 6 ) 3 0 , is by fai the best known and most 
important compound of this senes It is piepaicd technically and m 
the laboratory 1 by heating a mixtuie of nine pails of conccntialul 
sulphuric acid and five parts of 90 pei cent alcohol to a Icmpci nlui c 
of 135 0 to 140° Ether and ivalei distil ovei, and a continuous supply 
of alcohol is allowed to flow into the distillation vessel, whete it is 
immediately acted upon by the legeneialed sulphuiic acid The 
course of the reaction was explained by Williamson by the following 
equations 

I C 2 H fi OII + H^Oi = C a II 6 0 S 0 8 IH II 2 0 

Ethyl hydrogen sulpha to 


II C*H e OSOftH + H 0 CJI K . CoH, O Coll* l IIoSO 


B 








i 


Hence it would be expected that small amounts of sulphut ic acid would he 
capable of convening unlimited quantities of alcohol into cthei In practice, 
however, this cannot be realised, owing to dilution of the acid by the libeiutcd 
water and the incidence of by reactions 

The crude ethei thus obtained is allowed to stand foi some lime 
over quicklime to free it fiom water, alcohol and sulphiu dioxide, after 
which the ether is distilled off on a waiei bath at 50° In 01 dm to 
remove the last traces of alcohol it may be lepoatcdly shaken with 

small quantities of watei, dried over calcium chloudc and finally 
distilled over sodium 

Properties and Uses —Ethyl ether is a colomlcss, exUcmcly mobile 

liquid, lighter than water and of chaiactcnstic smell It boils at 350 0 

and solidifies at —113° It is miscible in all piopoilions with alcohol 

but is only sparingly soluble in watei One volume of cthei dissolves 

m about eleven volumes of water at 25 0 , and at the same lime the walci 

dissolves to some extent in the ethei A large numbei of caibon 

compounds, such as hydrocarbons and fats, aie insoluble in watei 

but dissolve readily m ether, which is theicfoie of gieat value as a 

solvent in organic chermstiy (see p y8) Ether bums with a luminous 

flame It is highly inflammable and its vapoui foims an explosive 

mixture with air When inhaled for some time it bnners about loss 

of consciousness, and hke chlorofoim is used as an amxsthcJ in 
suigical operations 

1 For the catalytic preparation of ether m the dry way, see Meillic and dc Godon, Bull 
■w, 1919 [lv ], 26, 565 1 
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Ethei combines withhydio feirocymuc, hydro feincy'intc ind cobilticyanic acids 
Accoiding to Baeyei and Villiger , 1 this is due to the foimition of a tettavalent 
oxygen compound 

Ethci unites with btotmnc to give an unstable ciyslalline compound 
CjIIioOBia, melting at 24° 


VII 

Thio-alcohols and Thio~ethers 

If the oxygen m an alcohol is replaced by sulphurj the lesultmg 
compound is known as a tliio aloohol, mercaptan or Ay dr a sulphide 
An example of this type is CII a SH, methyl mcicaplan 01 methyl 
hydiosulphide As may be seen fiom then ptopciLics, these compounds 
bear the same 1 elation to hydlogon sulphide as the alcohols to water 
While sltongly lesembling the alcohols they also exhibit weak acidic 
piopeilies, as would be expected fiom then deuvation fiom hydiogen 
sulphide When they aic tiealed with metallic oxides, such as mciciuic 
oxide, the hydiogen of the —SII gioup is leplaced by metal Hence 
the name mercaptan {merent turn easterns) With mmcial acids the 
metallic denvatives 01 meicaptidcs iegenciate the fiee mcicaptan 

Meicaptans may be obtained by wanning alkyl halides 01 salts of 
an alkylsulphuuc acid with potassium hydi osulphldc, 

CII 0 I I- KSH ~ CII a SII + KI 
C 2 H B SO jK l KSII - C a II 8 SII I K a SO, 

by the action of phosphoius pentasulphide on alcohols, 

5C a IT 0 OIXH P 2 S 6 = sC,II B SII + P 2 O b 

01 by the biochemical 1 eduction of the couesponding thio-aklcliydcs 
with living yeast Tluo-aklchydcs ate not easily piepaied in the puie 
state, buL as they aie 1 caddy foimcd fiom otdinaiy aldehydes it is 
sufficient foi this put pose to bung the latlei undei suitable conditions 
into an alcoholic solution of hydrogen sulphide and ammonia 
(ammonium sulphide), and to submit this mixlute to the action of 
fcnnenling yeast 2 

Meicaptans have an exltemely nauseous smell and boil at much 
lowci tcmpeialuics than the coitespondmg alcohols Like hydiogen 
sulphide they ate 1 carlily attacked by oxidising agents Foi example, 
undei the infiucnce of nlmospheuc oxygen they ate converted into 

disulphides 2 C 8 n 0 SIlH O = C a II 6 S bC a II 6 H II a O 

Nitnc acid Itansfoims them into sulphonic acids 

C a II 6 SII l 3O - C a II ft SO B II 

Jithyl sulphonic netd 

1 Baoyei and VilHger t Bet , igoi, Sl ( 26B8 Cominrc also Cohen and G'ltechfF, Ptoc 
Chetn *Sfc, 190^, SOj X94 MclrUoshj J Atn C ^S*, 1908, SO, 1097 ^ C Neuberg mid 

F Nord, Bet , 1914, 4 * 7 , 3364 F Nortl, Bit ¥ 1919, 62 , 1307 
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The presence of mercaptans may be detected by means of the intensely 
coloured mfoosylmercapttdes they foim with nilious acid 1 

Mercaptans combine with aldehydes to form mercaptah of the type of 
CH 3 CH(SC s H 5 ) 3 and with ketones to form mercaptols such as (CII 3 ).C(SCaIb,) 3 
They also form additive compounds with unsaturated hydrocarbons 2 

Elthyl mercaptan, C 2 H B SH, commonly known as mucaptan , is the 
most important repiesentative of this class 8 It is obtained technically 
from ethyl chloride and potassium hydtosulphtdc, and is used in the 
preparation of sulphonal Ethyl meicaptan is a particuhuly evil- 
smelling liquid of boiling-poml 36° It dissolves spaungly in watei, and 
in air rapidly oxidises to ethyl disulphide, (C 2 II e ) 3 S a 

Mercaptan condenses with acetone with elimination of watoi 
accoidmg to the equation, 

(CH 8 ) 3 CO + sHSC 2 H 6 - (CH 8 ) 2 C(SC 2 II 5 ) 3 + II,0 

Acetone Ethyl Dimethyl dicthyl- 

merc'ipt'ui merc'iptol 

When the pioduct of condensation is oxidised with potassium 
permanganate it yields dlethylsulphone-dimethylmcthanc (acetone- 
diethylstilphone), (CH s ) 2 C(S 0 2 C 2 H 6 ) 2 , which is employed as a hypnoLic 
undei the name of sulphonal It crystallises in colouiless pi isms, is 
very sparingly soluble m water and melts at 126° 

Trional, ( 5'^ 8 ^>C(S0 2 C 2 H 6 ) 2) of melting-point 75°, and tetronal, 

2 & 

aC 2 H 6 ) 2 > of melting-point 85°, aie prepaied in a conespond- 

mg manner to tho above and possess similar propel ties 

Thio-etheis or alkyl sulphides, such as methyl sulphide, (CII 8 ) 2 S, aie 
formed by heating potassium sulphide, IC 2 S, with methyl Iodide 

sCh 8 i+k 2 s - (ch 8 ) 2 s + 2 ki 

2C 2 H 6 S0 4 K + K a S = (CjH^S + aKgSOi 

&& Dichloroethyl sulphide (Mustard pas), (ClCH a CII 2 ) 2 S, has been 

used as a poison gas m warfare, and among other methods may be 
prepared by the following reaction 4 



2CH a CH 2 +S 4 CI 2 = (CH 2 C1 ch 2 ) 2 s + s 

Xhio ethers are neutral volatile liquids of nauseous smell 'With 
metallic salts they yield double compounds of the type (C 2 II 6 ) 2 S,IIgC I 
With mild oxidising agents one atom of oxygen is taken up to foi m 
sulphoxides Under more vigoious oxidation two atoms of oxygen 
enter the molecule with the formation of sulphones 

(CH 8 ) 2 S (CH b ) 2 SO -(CH 8 ) 2 SOjj 

1 H Rheinboldt, Bti , igtj, 60 , 184 “ Posner, Bet 1905, 88, 616 » Methvl 

mercaplan, CH3SH, has been isolated as a cleavage product in the fermentation of proteins 

Tnt.L V' S" j0Urmt ' l ?"t' ! 4 ’ Smith, Clowes and Marshall, C, rm 9( 

III, 6aa box other poiaon gises see A A Fries, C, 1926, II, 285 J Jt 
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Alkyl Poly sulphides — If in the method given above foi the 
picpaiation of thio-etheis fiom potassium alkyl sulphates or alkyl 
halides a polysulphide of potassium is exchanged foi the hydio- 
sulphide, the icaction leads to the foimation of the coiresponding 
polysulphidcs, such as methyl disulphide,. (CH s ) 2 S 2 , and methyl 
bisulphide, (CH b ) 3 S b lhese aie yellow liquids of unpleasant smell, 
which leadily undeigo oxidation 

Ally l dtiulphide , (C 3 H s ) 2 S 2 , one of the best known poly sulphides, 
occuis togethei with 1 elated polysulphides in gaihe 

Compounds of selenium and tellunum aie also known conesponding 
to the foi egomg sulphui derivatives They icscmblc the latter m then 
chemical piopcitics but arc of little theoielical 01 piactical impoitance 


VIII 


Alkyl Nitrogen Compounds 

I —NITROSO-DERIVATIVES 


Nitioso compounds aie those m which the nitroso-gioup—N O is 
united to a hydiocarbon ladical, and it is only m compatatively lecent 
times that they have been catefully investigated They may be 
obtained by the following methods — 

1 By ti eating oximes with an oxidising agent such as biominc 
dissolved in pyridme, 01 chlonnc m hydiochlonc acid The change 
occuis with gicatct ease when the caibon atom attached to the 
nitiogcn simultaneously passes ovci into the Icitiaiy condition Foi 
instance, the icaction between acetoximc and biominc piocccds 
accoichng to Lhe equation, 1 

>NO 

(CII B ) 2 C NOII + Bi a > <CII 8 ) a C< H IIBi 

\Bi 

Acctoxnnc Bromo-nilroso-pi opane 

2 By oxidising an amine containing a tciliaiy catbon atom with 
Caio’s acid (monopcisulphui ic acid) In this mannci tcitiaiy nitioso 
butane is obtained fiom teitiaiy butylaminc 

(CIX B ) 8 C NII a —> (CII 8 ) 8 C NIIOII —^ (CII B ) B C NO 

3 Nitioso-compounds containing othci substituents in the molecule 
m addition to the nitioso gioup aie foimcd by the action of mtiogen 
petoxide, mtiogen tuoxide, nitiosyl chlonde oi mliosyl bromide on 
ethylene hydiocaibons (see p no) 

1 Piloly, Bit , 1898, 81, (.52, 1902, 86, 3113 O11 treating kctoxuncs with bromine in 1)10 

presence of pyridine n blue coloiation 13 produced even at luqh JIlulionB, owing lo the formation 
of bromo-mtroso compounds ling icaction » an excellent teat foj the detection of aliphatic 
ketones, particularly acetone 
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Properties —True mtroso compounds can exist in two modifications, 
one of which is dimolccular, colouiless and solid, and the other mono- 
moleculai, blue and often liquid The typical nilioso-dcnvativcs aic 
monomolecular liquids or ciystallme solids of deep blue coloui Ihcy 
are highly volatile and have a chaiactcnslic and usually pungent smell 
The colourless crystalline dimoleculai foims give blue oils on fusion, 
and under suitable conditions dissolve with the pioduclion of a blue 
solution 1 

AT r iroso-butane> (CII B ) 8 C NO, foi example, exists as a blue com¬ 
pound of the foimula C^HjNO, and as a colouiless modification of the 
foimula Call^NgOj In solution, the lattei undcigoes paitial 
dissociation, which incicases with use of lempcialme 

It 1 ms also been shown that aliphatic mUoso-compounds exhibit 
dynamic isomeusm (p 62) as expicssed in the foimuke 8 

R v. ,11 R v 

>C< and >C NOII 

r/ Nn 0 r/ 

Thus the blue monochloio nilioso-etlmne icadily changes into the 
Isomeuc oxime on standing at the oidmaiy tcmpciatuic in elheical 
solution 

/N O x,N Oil 

ilc ce-ri —>- n.c cf 

N C1 X C 1 

NiLroso-compounds may be oxichsccl to mtio-compounds and 
t educed to amines, 

(CH b ) 8 C Nil, -e- (CIIj,) 8 C NO — (Cig tt C NO a 

lertiary Reduction Icrtlmy Oxidation lulmiy 
bulylamine mtroso butane nilio butane 

The majonty of them give Licbct maiin’s nitioso leaction (sec i> 162) 


II -NITRO-OOMPOUNDS 8 

Nitro-dcrivatives of llic hydiocaibons ate those in which hyehogen 
has been replaced by the monovalent mho group—NO a In all of 
these nitrogen Is united directly to caibon, whcicas in the isomeuc 
nitrous acid esters (p 148) it is linked mducctly ihtough oxygen to the 
alkyl group 

n 8 C NO a II B C O N O 

NfUomethano Methyl ninite 

1 Pifoty, Ba , 190^ 85 , 3114 J Schmidt, Bt) , 1902, 85 , 2333, 372/ and 

SeUgenann, Bit , 1903, 30 f G85 a J Schmidt, Bet , 1902, B6 t 2335 Piloty and Slcmbock, 
/?m fc tgoi, 88 j 3104 See also Bamberger, Bet , 1903, 86, 57, 3*7 * It should be noted tlmt 

certaln nitric acid eaters prepared on a technical sente, such as nitro-glyccrme uitro-ccllulosc, 
are also frequently but incorrectly termed mtro compounds 
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This chffeience of constitution may be deduced moie pailiculaily fiom 
the following two inactions — 

1 On 1 eduction mlio-compounds aic conveitcd into ammo-com¬ 
pounds Undei the same conditions nitious csteis yield an alcohol 
and ammonia 

ii 0 c no 2 +6H = n 3 c Nii 2 + 2 ii 2 o 

N m omctlnnc Methyhmme 

H 0 C O NO + 6II » IlgC 011 4 NII b H II 2 0 

Methyl nitrite Methyl Tlcohol 

2 Nitio-denvatives of the hydiocaibons aic not decomposed by 
the action of alkalis, niti ous acid estei s, on the othei hand, ai e hydi olysed 
to give an alkali nitnle and the coticsponding alcohol 

Nit) o-compounds me prepared by the mteiaction of silvci nitnle and 
an alkyl iodide (V Meyci), 

C 2 H B I H AgN0 2 = C 2 II 6 N0 2 t- Agl 

the concsponding alkyl nitntes being founed at the same time Since 
the lsomcis diffci constdeiably in boiling-point they may be sepaiatcd 
by ft actional distillation Meicuious nitnle can be substituted foi 
silvci nitnle in the above leaction 

Nitio-paiaffins ate fiequently piepaied fiom the a-halogen-sub- 
stitulcd fatty acids On tieatment with sodium nilntc these yield 
ct-mtio-subsli luted fatty acids, which i caddy lose caibon dioxide to 
give mtio-paiaffins In this mannci nitio-mcthane 1 may be obtained 
fiom chloiacetic acid and sodium nitnle 

Cl CIIjCOOII | NaN0 2 = N0 2 CII 2 COOII + NaCl 

NO a CII a COOII = CII S NO a )- C0 2 

In many cases it is also possible to picpate mlio-paiafiins by 
heating the patent hydiocaibon with dilute mine acid 2 

In addition to those alteady mentioned above, the following 
propeities and reactions of the mhopmaffins aie of impoitance They 
aic colouiless, pleasant-smelling liquids, spanngly soluble m watei, 
which distil without decomposition and boil at a much highei 
tempeiatuic than the concsponding isomeiic csteis of nitious acid 

Those mil o-compounds in which at least one hydiogen atom is 
attached to the caibon atom binding the nilio gioup, i e,ptmary ot 
secondaty mho-compounds } are acidic in character 

ii b c cii 2 no 8 (ii 8 c) 2 cii no 2 (ii 8 c) 8 c no 2 

Nitio ctliTne 2-Methyl-a nltio ctlmne Tcitiary mtro 

(primary) (secondniy) butane 

In such compounds one of the hydiogen atoms in the a-position 
can be replaced by sodium oi potassium The sodium denvalivcs 

1 Steinkopf and Kirchhoff, Ber , 190^ 40 j 3^38 Markownikoff, Be) , 1900, 88^ 1905 

ZTlozieckl and Fraach, Ber , 1902* 8S ( 386 
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aie obtained by mixing the mil o-com pound with sodium elhoxido m 
mclhoxidc in alcoholic solution, sall-foi malion being accompanied In 
the simultaneous 01 picliminaiy icanangeinent of the —NO^ gioup 
into =N O Oil 1 2 * * * 

II 8 C CII a NOg l- NaOC fl H 6 --»■ II 8 C CII NO ONa | C a H r , OH 

The salts aie thetcfoic not deuved fiom nilto paiaffins but ft tint 
labile isomei ides known as isonitro-parafflns Following a suggestion 
of Ilantzsch, 8 the lattci aie distinguished as the <w-forms, and the tun 
mtio compounds as pseucio-aolclfl When the solution of an alkali 
sail of an <T«-nitio paiafltn is acidified, the labile <ft.2-mlio-puia(Iut 
which is fiisl libeiated changes lapicUy in most cases into the nilm 
paiafRn 

Fiom phenyl-nitio-melhane, howevet, IIanl/sch R was able to isolati 
both isomeric foims The Uuc phonyl-nttro-inethane, C 5 II c CIIj N() ? , 
is stable m the fice slate, neutial and a non-conductoi of clcctuulj 
It docs not foim salts dncclly, but undci the influence of alkalis n. 
conveited into aci -phenyl-mtio-mctfiano^ C 0 H 0 CII NO Oil, wliuh 
although labile in the fiec stale yields stable metallic salts of the typi 
of C 0 H 6 CH NO OK The (rw-compound is acid, a conductm nl 
electucity and even in the solid foim changes slowly into liue pheiij! 
niti o-methane 

1 he behavioio of the ntito-pa)ajftins towaids nitfous acid is v<*iy 
chamcteustic, and diffei s accoiding as the compound is pi until), 
sccondaiy or tcrtiaiy It thus selves as a means of distinguishing 
between these thice types 

With a pnmaiy mtio compound a nltrolio acid 1 is obtained, whuh 
dissolves in alkalis forming a metallic deiivativc and giving a blood-mi 
coloialion 

Al ^NOII 

II a C Cf-3I hONOII - IlnC C f I ILO 

X NO a \NO a 

Nitro ctlinno Pihyl nilrolic acid 

( N ilroacota Id a\ ime) 

Sccondaiy mtio-paiaffins yield paeudo-nitrols, which aie to lit 
regarded as niUo-mtioso compounds They exist accoidingly in Lu<» 


II a Cv Al II B C V .NO 

>C< +IIONO - >G< hll>0 

II 9 C/ \N0 9 II 8 C/ \NO a 

N t(ro-propane Pi opy 1-paciulo mtrol 


1 This change hua also bten confirmed by optical measurements, cf IIcdlcy t Bn , igoH, ill 

2 Bet s 1905, 88, 1001 * Hantzsch nnd SchulUe, Ber t 1896, SO, 699, jujf 

* The constitution of nitrollo aoidfi is shown by (heir (orm'ition from dibromo iiitro* , jMfii((ii^ 

and liyd roxy 1 uni ne Br x,NOtI 

IT^C C^-Br 3 II a NOH » II B C +2IIB1 


NNO 


a 


NO 


% 
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modifications (sec p 154)1 fuc coloui less m the solid state and on fusion 
01 in solution develop an intense blue coloui 1 

1 ciLiaiy milo-compounds do not internet with mtious acid at all 

Since alcohols aie icadily convcilcd into iodides, and these by 
means of silvei nitutc into nitio-paiaffins, it is possible by examining 
the bchavioui of the latter towaids mtious acid to distinguish between 
pnmaiy, sccondaiy and teitiaiy alcohols 

The icactiou is earned out by adding sodium nitiite followed by dilute acid 
to the alkaline solution of the nitio compound the solution is then made alkaline 
and note taken as to the development of a led coiointton (nitiohc acid), a blue 
coloiation (pseudo nitiol) or the absence of any coloui change (tcttiary mlio 
compound) The pseudo nitiol ficquently scpanlcs m the solid fotm, in which 
ease the blue coloui is developed on bunging it into solution in chloiofoim 01 ether 

On tieatment with biominc 01 chlonne in the piescncc of alkali, 
pnmaiy and sccondaiy nitio-paiaffins yield halogen substitution 
pioducts, in which halogen is attached to the same caibon atom as the 
mtio gioup Teitiaiy mtio-compounds give no chtounc 01 biomine 
dci ivatives undei these conditions 

Zinc alkyls 01 01gano-magnewim compounds icact with nitio-paiaffins 
to foim dei ivatives of hydioxylammc® 

The simple nitro-oleflnes have been less investigated A typical 
lepicscntdtive of this class, mt)o-cthylcne> CII a CII NO a , may be 
obtained by temoving the elements of watci fiom /3-mtio-clhyl 
alcohol, CII^OII) CII 3 NO a , by means of P a O fi 01 sodium hydiogen 
sulphate 8 It is a mobile liquid, bp 985°, with scaicely a tiacc 
of coloui Its most sinking piopcity is the poweiful mitant effect it 
has on the mucous membiane of the eyes and icspnaloiy oigans The 
maiked physiological and chemical similanty existing between nilio- 
compounds and the aldehydes and ketones led to a companson of 
nitio-ethylenc with aciolcin, CII a CII CIIO, and thus to some 
undei standing of its nutant action Nitio-ethylenc also shaies with 
aciolcin a stiong tendency to polymeusation, eg t when tieatcd with 
alkali it polymcilses with almost explosive violence 

III —AMINES. 

The hydiogen atoms of ammonia may be successively exchanged 
foi alkyl gioups with the fonnalion of compounds known as amines 01 
amine bases Accoidmg as one, two 01 tlnec hydiogen atoms aie 

1 Pseudo nlUolB tire more conveniently prepared by tho action of nitrogen peroxide on 
ketoximeu (Scholl, Btr , 1888,21,507 J Schmidt, Bet , 1900, 88, 872) l heir constitution 
htis been proved beyond doubt by their synthesis from bromo nitroso hydractubons by the 
action of silver nitrite (Piioty and Stock, Bet t 1902, 06 , 3093) 

n a G v /NO n,Gv /NO 

>G<; hAgNO^ \ AgBi 

11,0/ \Bi IT,C/ \NO a 

Mourcu, C t , 1901, lf?2, 837 Bewnd, Btr , 1907, 40 , 3065 Wiclmd and Sikctlarios, 
Bat , 19191 B2, 898 I 4 or phenyl nitro ethylene see iVleisonheimer, Amt , 1907, 260* 
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leplaccd the lesulting derivatives ate desciibecl as primary, secondary 
or te> Ctary amines respectively 

EL 

>N—H 

ik 

Ammon m 

All thiee classes of amines resemble ammonia in possessing basic 
properties, and like the laltei combine dncctly with acids to foim 
salts m which the ougmally tuvalent mtiogen changes into the 
pentavalent state TeiUaiy amines also combine with alkyl halides 
to foim quateinaiy ammonium salts, which may be legalded as 
ammonium halides in which all fom hydiogen atoms aic displaced 
by alkyl gioups Coriespondtng to these salts ate the quateinaiy 
ammomnm hydi otides of stiongfy basic clnuactci, closely appiovimating 
to potassium and sodium hydi oxides in then bch.iviom 


H.C 


Nn 

h/ 


II 


Methytomlno 
(primary amine) 


H a Cv 

>N—II 

h 8 c/ 

Dmiethyhmmo 
(secondary amine) 


n a a 

>N—CII 
II 8 tX 

Tinncthyhmmo 
(tertj try amine) 


a 


ir t NCi 

Ammoamm 

chloride 


(H 8 C) b NIIC1 


Trlmcthyl ammonium 
chloride, or irlmethyl- 
amine hydrochlon de 


(II^NCl 

Tctrnmcihyl 
ammonium chloride 


(ii 8 C) t Non 

1 oti am ethyl 
ammonium hydroxide 
(a quaternary base) 


Quaternary ammonium compounds 


As will readily be undcj stood, the amines picscnt vanous possibilities 
of isomeiism, We may meet with mcl.uneiism due to homology of 
the alkyl gioups attached to the mtiogen atom, as in the case of 
tilmethyl-amme^ (CH a ) a N, mcthyl-cthyl-amine, (CII 8 )(C 8 II 6 )NII, and 
propyl-amine, C 8 I3 T Nn 8 , with chain isomeiism, dependent on the 
diffeicnt mode of linking of the caibon atoms m the .vlkyl gioups, 
and which may thciefoic appeal in the case of a single group 
of thiee caibon atoms, eg, piopyl-amine, CH a CII 8 CII 8 NIlJ and 
isopropyl-amine, (CII 8 ) 2 C 11 NII a> and finally, if alkyl gioups contain- 
mg a greatei number of caibon atoms aic picscnt, with position 
isomerism caused by the vaiymg position of the mtiogen in one and 
the same caibon chain 


Formation of Aminos 

I Alkylation Methods —-It was discovcied by Hofmann that the 
hydrogen of ammonia is readily leplaccd by alkyl gioups when an 
aqueous or alcoholic solution of ammonia is heated with alkyl halides 
An atom of halogen, hist unites with a hydiogen atom of ammonia to 
form hydiogen halide, the place of the hydiogen being then taken by 
the alkyl icsiduc In this way one molecule of ptimaiy amine and 
one molecule of hydiogen halide aic pioduccd which combine to foim 
the amine salt (X stands for chlorine, biomine or iodine) 

i C»II a » h X ■+• NIIjj — C»H att 4.i NILj, IIX 



FORMATION OF AMINES 


159 

The alkyl halide next leads with the pnnwiy amine, with the foimaUon 
of a sccondaiy amine 

2 C»II*», 1 X + C„II 2m , 1 Nil, - (CJI 8;l , OgNII, IIX 
which m a similai mannci gives use to a teitiaiy amine 

3 C„II 2b+ i X + (CJIsmi), Nil - (C,ill2» 1 i) 8 N, IIX 

Finally the lattci combines with moic alkyl halide to foim a qualcinaiy 
ammonium salt 

A C»II a „, 1 X h (CJI 2 „ h) 8 N = , OjNX 

These foiu stages usually piocecd simultaneously and lead to the 
foi mation of a mixtuie of ail foui pioducls I he ease with which the 
1 caction occius vanes with the alkyl halide employed Owing to 
gicatci convenience of manipulation, alkyl iodides aic commonly used 
in the laboiatoiy, whcieas on the technical scale the cheapei alkyl 
biomidcs aic picfened 

In most cases the sepaiation of the mixtiue of ammo compounds thus obtained 
is a difficult pioblem, the quatcrniuy salt being the only product leadily isolated 
Unlike the stilts of pnmmy, secondary and teitiaiy amines, the quaternary 
compounds me not decomposed by alkali When, thcrcfoie, a solution containing 
the foui types of salts is ticatcd with potassium hydioxide and distilled, the 
volatile amines collect in the distitlatc, leaving the quaternary compound behind 
in the distilling vessel I he separation of the volatile amines may occasionally 
be effected by fi actional distillation, but more generally one of the chemical 
methods dcscnbcd latei must be employed 

A convenient methylating agent, pailiculatly foi pmnaiy and 
sccondaiy amines, has been found in dimethyl sulphate 1 

Anolhei means of methylating pnmaiy and sccondaiy amines is to 
tieat them in acid solution with foi maldehyde, at a high lempeialuic 
This leaclion can also be applied to ammonia and ammonium sails 
Undei these conditions the hydiogen atoms aie successively leplaccd 
by methyl gioups, thiee molecules of fot maldehyde being lequued foi 
the displacement of each two atoms of hydi ogen a 

aNII 8 H 3II CIIO = alTjjN CII 8 d C 0 2 d II a O 
aNII 8 + 6II CIIO = 2lIN(CII 8 ) 2 H zC 0 2 \ aII s O 
aNII 8 hpll CIIO = aN(CII 8 ) 8 f 3 C 0 2 -b 3 n 2 0 

The foi maldehyde is conveniently supplied in the foim of the 
40 pci cent solution of commeice, and the leaclion piovidcs a simple 
and economical method of mclhylalion capable of extensive application 

Anothci method depends on the intei action between alcohols and 
ammonia undet the catalytic influence of ccitam metallic oxides® 
When the vapoiu of ethyl alcohol mixed with ammonia is led ovci 

1 F Ullmann, Bet , igoo, 88, 2 |//G Ann, 1903, 88*7, 104 3 Eschwciler, Ber, 1905, 88, 

880 8 S<»batiei and Matllic, C, t , 1909, 148 , 898 
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thona 01 blue oxide of tungsten at 3Co" ethylamme is ohl,until 
together with di- and tn clhyhimmes 

R CII 8 OH hNII a = R CII a NII 2 + Iip 

II Pnmary amines fice fiom admixed secondaiy and luli,u> 
derivatives arc formed — 

(a) By the reduction of either intro- 01 mtioso-paiaffins (p 15,1), 
when alkyl-hydioxylamincs ate pioduced as mlcimedialc pioducls 1 

HjC N 0 3 —II 8 C Nil Oil —> II 8 C nii 2 

Nttromctlme p Methyl hydroxyl amine Mcthylamme 

(t>) By the 1 eduction of mlules 01 alkyl cyanides a (JA-W/zn 
reaction ) 

ii a c cn i 411 - n 8 c cii 2 nii 2 

Acetonitrile b thy H mine 

(c) By boiling eslcis of isocyanic acid with caustic potash 

O C NCII, H 2 KIIO » K 2 CO a t II a N CII 8 

Methyl isocyanate 

(d) By the Hofmann method, in which biominc and potassium 
hydioxide ate bioughl into teaclion with acid amides I he amiiu 
foimed m this case contains one caibon atom less than tht anuth 
employed Acetamide, CII 3 CONII 2 , foi example, yields methylainim* 

Cl I, NII g 

CII 8 CO NH a + Br a | KOII = CII U CO NIIBi hlCBi I II a O 

Acethi omnnmle 

CIV CO NIIBr h3K0TI - Cll a NII S H KBi hl^C 0 8 \ Tip 

(/) By Gab} tel's method^ using phlhalimidc (sec p 445) 

For the prepaifttion of pentnmethyleno diamine or catlavennc from pipciutin^ 
see 13rau Ber , 1904, 87, 3583 t sa, 2203 

III Amines are formed m living organisms by the dcgiachiUon *4 
ammo acids by elimination of CO a , 01 by loss of foimic and ami 
subsequent 1 eduction Bacteria thus convert a-amino~isovalcu< aml 
into jsobutyl amine a Stmilaily, the lmpoUanl compound Lauunc m 
foimed in animal oiganiams from cysteine (p 234) 

Properties and Chemical Behaviour—As has been mcnlimu d 
above, the amines sliongly icsemble ammonia in then powti t»i 
forming salts and in many othei ptopcities Uhc lowest nienilni* 
are gases, readily soluble in water and possessing an ammonia* al 
odour Unlike ammonia they arc combustible The highci amiiu h 

^ PrJimry amines nro also obtained by reducing the oxlmca and hydra^onca of aldehydes and 
Itetonea 2 It has been shown by Sabxtlcr and Sendercns (tT, 1905, I, 860) that al 1H0 u\ 

3ao * in the presence of excess of hydrogen nnd finely divided mckel, aliphatic nitiilcK wip 
g-enerally reduced to primary amines, blit these by subsequent elimination of mnmonin tur# 
partially converted into secondary and tertiary amines Tlhe chief product is usually ih^ 
secondary amine, the pritnnry and tertiary derivatives being foimed in appioxmiately equal 
amounts* * C Nouberg and Karcng, Bwcfam Z , 1909, is, 434 
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aic liquids which also dissolve in walei, although the solubility 
diminishes with incicase in molcculai weight Like ammonia the 
amines fonn double sails with the chloudcs ol culain metals, chief 
among which aie gold and platinum (p 11), the composition of these 
compounds cot 1 cspends m most cases to that of the analogous dcuvativcs 
of ammonia, e e , 

[ NII 8 IIC1]AuC1 8 [N(CH b ) 0 IIC11AuC I, 

[NlljIICl^PlCli [N(CH # ),IICiy , lCl 1 

Icitiaiy amines also yield addition pioducls with halogens 1 
Foi the behavioui of aliphatic amines on oxidation, see p 153, also 
Voilandci, Ann, 190G, 346 , 241 

Amines appeal to be pioduced in small amounts in the human 
body and to play an impoitant pait as “hoimoncs" in the initiation 
and icgulation of biological pioccsses 

Conveisiou of A nit ties into Alcohols by Means of Yeast and Moulds a 
—Many yeasts attack pumaiy amines and utilise them foi building up 
then own pi oleins I he assimilation piocccds in a mannci similai 
to that of the ammo acids, 111 that ammonia alone is split off and 
convened by the yeast into pi olein, while the hydiocaibon icsidue of 
the amine iclains its identity and is found in the foim of the 
coi 1 esponding alcohol in the leimenlcd solution The icsult of the 
1 cacti on may be cxpiessed by the equation 


K. CII a NII a I II a O - R. CIl a Oil t NII„ 

Vauous moulds also have the puwoi of gtowing m the picsenco of 
amines, and of Lansfoimmg them into alcohols 

Among the many icaclions by which we may distinguish between 
pumaiy, secondaiy and Icitiaiy amines, the following may be noted 
1 Bchaviou/ towards Nit)ous Acid —Pumaiy amines icact with 
nilious acid to yield the concspondmg pumaiy alcohol, with evolution 
of mitogen« CUfl NIIg h 0N0II „ crifl on , N , ns0 


Iht mechanism of Ihc piocess is not yet undeistoocK Although only one 
molcuihu pioportion is indicated m the cqunlioiij cxpci iment 1ms shown that the 
amine miiite fust foi mod only decomposes in the pt essence of excess of nitious acid, 
the velocity vaiynig as the product [CIIj NII 0 ][NO a ']|JINOj The tcaclion is 
thciefoic not a simple decomposition of the amine minus* 

Secondaiy nmmts yield mUostunmea 

(CII a ) a NtI I 1IONO « (ClI,,) a N NO I IIoO 

Ihis icaction is earned out by ticatmg a conccntiatcd aqueous solution of 
ammo hydrochloiidc with a concentrated solution of potassium nitrite The 
nttrosamino, which sepmates ns an oil, may be extracted with ethci and putided 
by distillation with steam 

1 Ilnnirsch aiul Giafi IUf , I90$j 88, 315 j. 3 hhilieh and Pistsclumuka, Bst , ipu, 48, 
1006 3 I or iibnormtilhles which may occur during this reaction, sco , 18761 0, 535» rm d 

j877i X 0 t 132* 1 1 W j laylorantl L Siatct Pnic,./, 1028, 1099 , 1020, 2052 

h 
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Nitiosamincs aie yellow or ycllow-tcd neutral oils of aromatic 
smell From them the secondary bases may be regeneiatccl by Ueal- 
ment with strong reducing agents or by boiling with conccnli ated 
hydrochlouc acid Nitrosammcs aie often of gieat value in the 
recognition and pin ification of sccondaiy amines When waimcd 
with phenol and concent!ated sulphuric acid, and then diluted with 
water and made alkaline with sodium hydtoxide, they give an intense 
blue 01 violet coloiation (Ltehermatin's ; eaction) 1 This colout l cacti on 
rs charactciistic of all mtrosainincs and many other mtioso-dcuvalivcs 
(seep 154) 

Tertiaiy amines eithei fail to leact with mLious aeid 01 undetgo 
decomposition 

The above icaclion may also be employed foi sepatatmg sccondaiy 
and tcitiary amines fiom nuxluies containing the pnmaiy compound, 
but in this case the latter is always dcstioyed 3 

2 Behav 10111 on Alkylation —As will be seen fiom the details given 
on p iSp, it rs possible to distinguish between pnmaiy, sccondaiy and 
teiliaiy amines by tieating them with methyl iodide until the whole 
of the icplaceable hydiogen has been displaced by mcLhyl gioups 
By analysis of the base bcfoie and aftci treatment wc may deleinunc 
how many methyl gioups have enlctcd the molecule, and thus class if y 
the onginal amine 

This icaclion is frequently employed in investigating the eonslitulion 
of alkaloids 

3 Behaviour towaids acid chloudes, such as bcn/cnc sulphomc 
chLoude Pnmaiy and sccondaiy amines inteiact with acid chloiidcs 
and anhydrides, an acyl gioup (eg, CII R CO) being substituted foi 
the lepiaccable hydiogen of the base Teitiary amines do not icact 


n„c/ 


Nil 



CO Cl 
->. 


n 8 c v 

>N CO CII 0 
II, jy 


In general it is only possible to icplace one of the two typical 
hydiogen aLoins in a prnnaiy amine by means of acelylaling agents, 
although diacetylalion may occui in ccilain cases 3 

The acetyl and benzoyl derivatives aie usually solid compounds 
of definite melting-point and aie much used for the identification 
of amines 

On the othei hand, with the aid of bcnrenc sulphomc chloude 
pnmaiy, sccondaiy and tertiary amines may be distinguished and 
isolated fiom one anotlici The sepaiation depends on the fact that 
pnmaiy amines react with benzene sulphomc chloude to form 

1 7 he colour is duo to the formation of Tti indaphenoi (Decker and Solomm, Iff* > 1902, 
86, p 425 2 For it method of distinguishing between ptimury, secondary and 

tertmry biaes by menus of J i ^-dibromo-pciUnne^ sec Bnun, Bet , r908, 41 , 3156 J Bet , 1893, 
26 , 2853 # 1894, 2 % 93 , 1901, 84 , 6G5 
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dcuvativcs of the type C 0 II 6 SO a NIIR, winch icadily dissolve m 
aqueous alkali, the hydi ogen atom attached to ntliogcn being icplace- 
able by metals Secondaiy amines on the conliaiy yield compounds 
of the type C fl II 6 SO a NR„, which aie insoluble in alkali Teitiaiy 
amines do not icact at all In some cases this method lequnes 
modification 1 

Olhci lciclions of pnmmy amines ire as follows (i) Willi chloiofoim and 
alcoholic potash they yield isocj amdes (p 123) (2) With concentrated nituc acid they 
aie convettcd into nitianuncs, 

C a II 0 NII a HINO 0 = C a II s NII NOj 1 II n O 
KthyJcimiuo Mtliyl tiitramhm 

The lattci aie solid compounds of we ikly acidic nature, m which the liycliogcn atom 
attached to mtiogen is icplacc ible by metals (3) Piinmty amines also mute icadily 
with aldehydes, with elimination of wntci 

CII a NII a I OOII Cllg = dig N CII CIlj) U a 0 

Motliylamiiio, CII S NII a , is found in ma cuualts pa aims and is 
piepated by Hofmann’s method (p 160) Aom acetamide, biomine and 
caustic soda It is a colouilcss gas with a smell lesembling that of 
ammonia, it bums with a yellow flame and is veiy soluble in watci 

Dimethylamino, (CII^NII, occuis m hcinng bnne and is best 
obtained Horn mtioso-dimcthyl-amline by heating with caustic soda 
It boils at y°, and is a colouilcss liquid of ammomac.il smell 

UMmethylamino, (CII 3 ) n N, oceuis in naLuie in many plants, and also 
m honing bnne It is a liquid of boiling-point 3 5°, icadily soluble in 
watci On the huge scale it is piopaicd by the distillation of beet 
molasses 01 fiom hen mg bnne It is conveniently obtained in the pine 
state by heating ammonium chlomle with fm maldehydc" 

The salts of these amines aie almost without exception icadily 
soluble 1 in watci and alcohol 

TotrametUyl-ammonium lodlide, (CII^NI, is a white, ciyslalhne 
substance which is veiy spanngly soluble in alcohol On tieatmcnt 
with moist silvei oxide it yields teliamcthyl ammonium hydi oxide, 
(CII a )jNOII, a white, deliquescent, ciyslallme substance of stiong 

basic piopeities 

(CIIJjNI 1 AgOII ^ (CII b ),NOH I Agl 
When heated, this decomposes into ti imcthylaminc and methyl alcohol 

(ciigjjNOii => (cn s ) # N 1 cn fl on 

The moic complex ammonium bases bieak up undci the influence of 
heat to give watci, a leibaiy antinc and a hydioeaibon C w II gft 

(Cyi^N Oil » (C,H rj ) 8 N 1 Call, I II 2 0 

Ictrucihyl ructhylnmmc l thylcne 

ammonium hydroxide 

1 llmsbcrg, Hn , T90S1 88, 906} C x 1906, 11, 15 VorJhiuler and Nolte, Bn , 1913, 16, 
3313 Bn , 1905, 88, 883 
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In Ihe case of mixed amine? the coiuse of the decomposition is govet ned 
by a tendency on the one hand to split off the idatively mobile, loosely 
bound groups (these include the comparatively small ladicals, togelhei 
with allyl and ben/yl), and on the olhci by the elimination of walci to 
pioduce olefines of the highest possible degiee of symmeliy 1 

By applying this reaction to cyclic amines much valuable mfoi malion 
has been gained as to the stiuclme of alkaloids The study of quatcinaty 
ammonium salts has also led to consideiablc advances in the steico- 
chemistiy of peniavalcnt nitrogen 

Tetraethyl-ammonium, N(C a H 6 )^, scpaiates at the cathode as the 
free laclical when a solution of tetiaethyl ammonium chloudc (01 iodide) 
in liquid ammonia is electi olysed i The blue solution fiist obtained 
gtadually changes into a colouilcss one having the same piopei tics The 
colourless foim is also produced when tetiaethyl-ammonium chloudc 
m liquid ammonia is treated with metallic potassium K + Cl Nisi, 
=3KC1-H NEt, The leaclions of tcUaelhyl-ammonmm arc those of 
the alkali metals, and it may therefoie be described as a pseudo-inctal 


IV —ALKYL HYDRAZINES AND ALKYL HYDROXYL AMINES 


Alkyl-hytUasslnes —As in the case of ammonia, the hydrogen iloms in 
hydiaunc., NII a —NII a , may be substituted by alky! groups Alkyl hydia/mcs, 8 
howcvei, ate of little importance and need only be dcscubod buefly On the 
othci hand, phenyl hydia/ine (see aromatic section) is a v,tillable icagcnt A 
distinction is made between pumaiy and secondary hydin/ines, the 1 itlu being 
again divided into those of symmetrical and unsymmetneal structuic, ns illustuitcd 
In the following formula! —• 

n„c a \ yc 3 n a 

an—n/ 

\V MI 


1I,C 


MI 


\n~n<; 

IV MI 


ITA' 


Molhy] liydrn^Lnd 


By an dletliyl hyih-n/Uic 

v_ 


/ii 

IW 

Uimym (Hotliyl hytlrn/inn 



(ficcoiulary liyd ta ?\n on) 


Among other methods they me obtained by the duect alkylation of hydin/me, 1 and 
by the reduction of mtrosnmlnes (p 161) 

(CEI^jN—NO —> (GII a ) a N—NII g 


For the most part they are liquid bases possessing many piopei ties m common with 
the aminos, but differing from them in being powciful leducmg agents With 
Fehling^ solution, for example, they give a pi capitate of cupious oxide in the* cold 
Alkyl liydroxylamines —By the substitution of a hydrogen atom in hydroxyl 
ammo, NII 3 OH, by an alkyl group, tliero may be deuved two series of isomctic 
compounds, eg ^ n,cx 

II fl N OCIlj >N Oil 

IK 

a-Kot)iyl liyftroxylamlno /3-ZifotHyl Hytlroxylamlno 


The compounds are also foimed as inteimednte products dining the induction of 
nitro and nitroso compounds 8 


1 Braun, Amt , it>Ti, 883,1 , 880 , 373 3 Schlulnch, Btr , igai, B4, aSll , 1923, BO, 1889 

8 See Wiekntl Dtt flydraxint (Uditsd by J Schmidt Pnke, Stuttgart 1913 ) 1 Ilnrrtcs 

unci Ilagn, Btr \ 1898, 81 , 56 * Bamberger, Bet , 189 f, 2 1 /, 1350 I* or further methods of 

preparing p compounds, see C, 1899, II, yoo Ber ,, 1901, 84 , 2499 , C t , 1901, 182, 837 
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Aliphatlo Diazso oompoxrads 

These tic dcnvcil Aom hythocubons by insetting t divalent dm?o group, 1 
—N N—, in pHcc of Iwo hydiogen Ttoms Tltached to the same ctubon Ttom For 
moic detailed lnfonnation leference should be made to the liteiatuic 1 The simplest 

/N _ 

lcprcscniative of the senes is cliassomethane, II>G<f f| } oi CII 3 —N~N* a yellow* 

\N 

odoiulcss and cxliemely poisonous gas It dissolves in anhydious ether, giving a 
yellow solution, and is frequently employed m this foun as a methylating agent It 
is piepaicd by wanning nitrosomethyl urethane with methyl alcoholic potash* the 
icaction taking the following emu so — 

GOOGjlJp koh /N 

CIlg N NO- > GIT** N N OK-> CIT 0 <^JJ 

NJtrommotliyl rofan lum mottiyl DJnroviwtlunio 

u roll mi 10 (Un/utftto 

It is also obtained by tieating hydumne with chloiofoun and potassium liydioxide 3 

IIpN NEI 3 1 GIICI, \ 3KOII —>■ >G N NIL, \ $KC 1 \ 3lI a O 

>C N NII a —> n 2 G 

Dinzonv thane readily decomposes with evolution of nitrogen and is a good 
methylating agent For this icason it is often used to detect the piescnce of a 
labile hydroxyl group in an organic compound by converting it into the stable 
OCII., group It lapidty and quantitatively converts acids into then methyl estus 
and phenols (p 411) into then methyl ethers 

Cell,, OH t GII^ « G 0 U* OGIl a I N, 

Alcohols, under ordmaiy condUions, do not icact with diiwomcthane 
Fstcis of aliphatic dia/o acids uti dcsciibcd hitoi 


IX 

Aldehydes j Ketones and Kctcnes 

Genera! Fen mu he and Nomenclative, 

Aldehydes and Ketones aie two impoiLinL classes of compounds, 
both of which contain the caibonyl gioup >C 0 In aldehydes the gioup 
is united on the one hand to a hychocaibon ladical and on the olhei 
to hydiogen, in Ketones it is combined with two hychocaibon lachcals 

000 

K.—C— II R—C—R R—C— IV 

Aldehyde Simple ketone Mixed ketone 

1 It should be noted tint dm/o-com pounds of the hen/ciio series* which are (icatcd in detail 
hter* differ in the manner m winch the dm/o gioup is aUiched Sec Gmn, Chemnlty 

ami Jecfmofogy of the )hauo Compounds (Arnold, 1920)* p 120 Pcdmumn, Bn * 18951 ®5S» 

1624, 2377* Bet , 1898, SI* 2950, Bn , 1899, S 3 , 2292 IluU/sch, Bet * 1902* S6* 897 
3 Slaudmger and Kupfei* Bet , XQl 2 t 45 , gor 
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ALDEHYDES, KETONES AND KETENES 
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As aheady indicated on p 130, aldehydes aic the fiist oxidation 
pioducts of primary alcohols (hence the name aldehyde, fiom alcohol 
dotty drogeuatum') It may be assumed thaL the fust step m this 
oxidation is the foimation of a compound containing two hydioxyl 
groups attached to a caibon atom Such deiivatms, howcvei, aic 
unstable and generally lose watei immediately to foim aldehydes 
For example 

H 0 - II-iO 

II S C Gil,, Oil —> 11,0 CII(OII) 2 —->■ TI b C CII O 

Ethyl 'licohol Hypothetical inter- Accl ddchyile 

medntc product 

The aldehydes themselves leadily undetgo fnithci oxidation to yield 
acids containing the same numbei of caibon atoms 

Individual aldehydes take then names fiom the acids pioduccd 
fiom them on oxidation Accoiding to the Geneva nomcnclatuie, the 
name of an aldehyde is obtained fiom that of the paicnl hychocarbon 
by the addition of the LcutunaLion ~al 

ii ciio ii 8 c cno n a c cn ell; cno 

CII B 

l«oritt aldehyde, Acetaldehyde, laovntei aldehyde, 

mctlnnal cthnml 3 methyl-butami 

ICclones aic oxidation pioducts of sccondaiy alcohols, and then 
foimation may be lepiescntcd in a sunilai inannei to that of aldehydes 

(ii 8 c) 9 cii on —->- (u 8 c),c(on) 8 —■> (ii B c) a co 

Isopropyl alcohol Hypothetical ndei- Dimcthylkctonc 

mediate pioduct 

They aic fai less icaclily oxicliscd than aldehydes, and as they 
contain no hydiogen atom attached to the eaibonyl gioup it is not 
possible to obtain fiom them acids of the same numbei of caibon 
atoms On oxidation they genet ally decompose with the foimation of 
two acids of lotvei caibon content 

II„C CIIO hO- 5 - II 6 C COOII 

Aceta!deh)dc Acetic acid 

n fl c co cn 8 130 —> n 8 c coon i ii cooii 

Acetone Acetic acid honnlcttcld 


ICclones generally lake then names fiom the alkyl gtoups piescnl, 
but nccoidmg to the Geneva nomcnclatuie the names aic denved fiom 
those of the patent hydrocaibons by the addition of the ending «one 
Poly ketones aie distinguished as -diones } 4 nones , and so on 


II a C CO CII gJ II a C CO CII 3 CII 2 CII a , 

Dimethyl It0tone, Methyl-propyl ketone, 

propaiionc pentnne 2 one 


las 4 r> 

n B c co cri 2 co cn« 

Acetyl acetone, 
peiHmc-2 4 clione 


h 
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Fot mation —In addition to the oxidation of alcohols desen bed 
above, the following inactions also lead to the foimation of aldehydes 
and ketones 

I Diy distillation of the calcium, banum 01 thonum salts of 
caiboxylic acids In this way a ketone is pioduccd containing two 
similai hydtocaibon ladicals By heating a mixtuie of the salts of 
two acids a ceitain piopoition of the unsyinmeli ical ketone is obtained 

(II 8 C COO) 2 Ca = CaCO B H II ft C CO CII 8 

Calcium icttate Dimethyl ketone 

(II 8 C COO) a Ca | (II D C 2 COO) 2 Ca == aCaCO, l aII a C. CO C 2 II a 

Calcium ncetate Calcium piopion Ue Methyl-ethyl ketone 

If, howevci, the salt of a fatty acid is heated with an equivalent 
amount of calcium foimate, the pioduct is an aldehyde 

(II S C COO) 2 Ca-l (II COO) 2 Ca = 2CaCO a + aPr 8 C CO II 

Cnlcium ficetnte C-iluum formate Acctildehyde 

This method, involving the use of foi mates, is limited to the 
picpaialion of those aldehydes which distil without decomposition 
Since the caiboxylic acids aic usually icaddy accessible compounds, 
in any attempts have been made to develop gencial methods foi then 
conveision into aldehydes One such method has been found in the 
catalytic icduction of acid chlondcs 1 (Rosenmund) Foi this pin pose 
colloidal solutions of palladium and platinum may be employed as 
cctialysls 01, bcttci still, the metals may be used in the finely divided 
&tale 01 pi capitated upon some indiffcient substance (eg, banum 
sulphate), in which foim they may he sepataled fioin the icactton 
mixtuie by simple filliation (see p 429) 

Ketones may also be picpaicd fiom acids by catalytic methods, the 
elckI 01 its cslei being passed ovei thonum oxide oi aluminium oxide 
nl 300° to 380° 8 Sntulaily, when a iruxtuic of an aliphatic acid and 
foimic acid is led in vapoious slate ovei titanium oxide at 300*’ 
tlic foinuc acid decomposes into watci and caibon monoxide, and 
tlic laltei immediately induces the aliphatic acid to the aldehyde 8 

R COOII l II COOXI = C 0 2 h II 2 0 ! R CII O 

2 By the action of water on dihalogen dcnvativcs containing the 
g^i oup — CIIC 1 2 01 —CIIBi a 

II,C CIICI,, I II a O « II a C CIIO ] slid 

Ftliylitlenc chloride Acetaldehyde 

3 By ccilain icactions of the zinc alkyls and oigano-magncsium 

compounds 

* RosoiihuukI, Met t 1918, fil, 585 u Sondeicns, C >,1909,148 isii ,143,927 a Sebalicr 
»ncl Mailhe, C , 1912,1, 1290 
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ALDEHYDES AND KETONES 


Zmc alkyls unite with acid chlo.ides to give addition products winch by Heat men t 
with water yield ketones 


y.o /Cn 3 /O/nGII, 

C n Hi» h , c/ + Zn<^ = C„ 11 „ 11 c ^-GII a 

^Cl N 


CH 


a 


\ci 


C.H**. cZS: C \h 3 0 = W) on. 1 /no I CFI, I ITG1 

\ci 

The addition products formed from organo magnesium halides and mti tics or 
acid amides also react with water to give ketones 

R \ 

R CN t-IMgR' = >C N Mgl 

R' X 


2 




N MgI+4H a 0 = aR CO R' taNII s l Mgl a I Mg(OIl), 


If this reaction could be applied to the simplest nitnlc, hydiogen cynnicle, it 
could be used in the preparation of aldehydes Unfortunately this is not possible 
Formamide, the simplest amide, also dilTcis m its bchivioui from the lnghci amicles 
and yields no aldehyde On the other hand, when ftnimmide is leplaced by 
disubstitutcd formamides the expected aldehyde is icidily obtained * 


H CONRR'+R"MgX = IICR"(OMg.JONRR' 1 
HCR"(OMgX)NRR' I II 3 0 = R’CCIIO 1 NURR' I Mg(OII)X 


Aldehydes, together with secondaiy alcohols, may be picpaied by allowing an 
excess of formic ester (3 mols) to interact with oigano magnesium halides (1 mol ) 
The main reaction may be expressed by the equation® 

R Mg Br + H COOC a II* = Br Mg OC 4 II 6 I R GIIO 


4 The action of carbon monoxide on sodium alkyls yields ketones 
and tertiary alcohols 

By treatment with diazomethane, aldehydes aic 111 many cases 
converted into methyl-ketones 3 

Another useful method of picpanng ketones is based on the 
decomposition of acetoacetic estci and its duivalivcs by alkalis 
(see acetoacetic ester) 


Reactions of Aldehydes and Ketones 

The behaviour of both these classes of compounds on oxidation has 
already been described 

A number of other reactions common to aldehydes and ketones 
depend on their power of addition, due to the ptcsencc of the caibonyl 
group If the double bond in the lattei is convened into a single bond, 

a valency is set free on carbon and oxygen, )>C = O —>- >C_d) On 

this basis the following reactions aie leadity explained 

' Bouveiult, c r, 1903, IS 1 ?, 987 * Gitlcrmmn md Muffo^rnti, Hu , 1903, SO, 4153 

Tscnitschibabin, Btr, 1904, 87, 850 For additioml syntheses of nldchytlcs by meins of the 
Grignard reictlon, see Houbcn, Ck Zotl, 1905, 667 Bouveault, C, 1903, 1 . 310 ■ F 

Schlotterbeck, Btr, 1907, 40, 479, 1909, 4a, 3559 Arndt and couorkcia, /let , 1938, 01, 
m8,1949, H Meerwein and W Burnciolt, Bt> , 1918,01, 18^0 



REACTIONS OF ALDEHYDES AND KETONES 


169 


1 On l eduction with sodium amalgam, aldehydes aie convctted into 
pnmaiy alcohols and ketones into sccondaiy alcohols 

CIIjCIIO [ air = CIIgCILjOII, CII B COCII fl I all = CIIj CII(OII) CII 8 

Acet ilddrytlc Flhyl iliohol Acetone Secondary pi opyl alcohol 

Many ketones can be reduced phytochcmically by feimentation with 
yeast, when the cot responding sccondaiy alcohols aie pioduccd 

2 Poly-halogen-substituted aldehydes and ketones unite with 
watci to foim hydiates, which aie leadily dehydiated again at a 
highei tempciatuie 

CCl a CII 0 + II 2 0 = CCl fl CH(OII) a 

Ghlor-il Cllloi %1 hydrUc 

CC 1 3 CO CII 3 hII a O = CC 1 B C(OII) 2 ch 8 

Such aldehydes combine even moic i caddy with alcohols to give 
alcoholatcs 

,OIJ 

CCL CIIO + CJLjOII - CC 1 B CII< 

n oc 3 ii s 

When heated with excess of alcohol, pai ticulai ly in the piesencc of 
dchydiating agents, aldehydes and then alcoholatcs yield acetals 
These may be legalded as dialkyl ethcis of the (sometimes unknown) 
hydiatc Acetals aie idatively stable towaids alkalis but aie icadily 
hydiolysed by hot dilute acids 

CHg CHO l aCoIIjOII - CII 8 CII(OC 2 II fl ) 3 I II 3 0 

Acetaldehyde Acetal 

Ketones foi m no alcoholatcs and only undci special conditions acetals 

3 Aldehydes and ketones unite with sodium bisulphite to give 
ciystall 111c addition compounds, by means of which they may be 
punfied On wanning these with dilute acids 01 alkalis the aldehyde 
01 ketone is again set ficc- 

yOH 

CII a CIIO I NaIISO s - CII„ CIIC 

\0 & 0 „Na 

4 Ammonia combines with acetaldehyde accoi ding to the equation 1 

CII 8 CIIO hNII„ = CjIIjONIIg 

Aldchycle-'inimonn 

but this icaction is not so gencial as those mentioned above 
Foimaldchydc, foi example, behaves m a diffcicnt mannci Wheic 
simple addition occuis, the inaction is sometimes used with advantage 
in the puiification of the aldehyde Hy flltenng off the ciyslalline 
double compound and wanning it with dilute sulphuuc acid, the 
aldehyde is once again set ficc 

1 I he molccuhr formula of aldehyde unmoma at the ordinary tempcnUue is throe times the 
empirical formula 
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Instead of forming addition compounds with ammonia the ketones 

yield peculiar condensation pioducls 1 

5 Both aldehydes and ketones combine with hydiogen cyanide to 

form cyanhydnns 

yOII 

CH« CHO + HCN = CII 8 CII< 

X CN 

Aldehyde cyanhydnn or niiulc 
of oJiydroxy piopionic ncid 

.on 

(cii b ),oo i iicn = (ch 8 ) 2 c<( 

^CN 

Ar-ctonc cvanlwdiiii 


This icaclion, m which a new caibon atom is added to the molecule, 
is of value m the synthesis of a-hydroxy-acids and a~aimno-acids, as 
will be illustiated latei 


Acetone cyanhyd) in 2 may be obtained in good yield by adding acetone to a 
solution of potassium cyanide and allowing sulphuric acid (30 pei cent) to lun in 
slowly with stirring, icc being added to keep the tempeiatuie below 20° the 
cyanhydim is then extiacled with eltici, dncd and distilled inpidly 13 p , 81 °/15 nun 

Recently cyanhydnns have been used extensively as the slatting- 
point in the prepaiation of olhei substances They may also be 
piepaied by the following icaclion® The aldehyde 01 ketone, 01 a 
mixture containing one of these substances, is ticated with concenliatcd 
sodium bisulphite solution, and the addition pioducl, aftci sepat niton 
fiom lmpurtLies, is allowed to inteiact with potassium cyanide 


IU /OH JU y OH 

>C< +KCN - >C< h KNa&0 8 

R'/ X -SO s Na R'/ X CN 


6 Aldehydes and ketones also combine with alkyl magnesium 
halides, as desetibed on p 134 

7 Aldehydes have a sttong tendency to undcigo poly met notion 
This may take place In two ways, as illustiated in the case of 
acetaldehyde 

(a) When acetaldehyde, a liquid which boils at 22 0 , is mixed with 
concentiated sulphuric acid, polymensation occuts with the evolution 
of much heat and the formation of a compound called paraldehyde, of 
boiling-point 124 0 From vapour density dclci minaUons the moleculai 
weight of paraldehyde is found to be Ihiee times that of aldehyde 
Pai aldehyde no longer shows the typical aldehyde leaclions but is 
readily transfoimcd into acetaldehyde by distillation with dilute 
sulphuuc acid From these propeities it may be concluded that, in 
the foimation of paialdehyde, thiee molecules of aldehyde combine 

1 See riiomae, C’, 1905,11, 115, 540, 555 a K W Welch ind G R Clemo, J, 1928, 
2639 3 Bucherei* and Grolde, t 1906, 29 , 1324 
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togethei in such a mannei that the caibon of one molecule always 
unites with the oxygen of a second 


O 


3 CII„ CII O = 


CII, CII 



O 



CII CII 
O 


s 


Acetaldehyde 


IIC CII fl 

P mldchydc 1 


( 6 ) Polymeusalion of a quite chffeient kind is undcigone by 
aldehydes undei the influence of small amounts of dilute alkali 
Undci these conditions acetaldehyde yields a compound of the same 
empmcal composition but of twiu the moleculai weight The new 
compound contains an open chain of foui caibon atoms, as is shown by 
its bchaviout on oxidation, and it cannot be changed back into the 
oi iginal aldehyde by any simple method In this case two molecules of 
aldehyde have combined with the simultaneous foimalion of a new 
caibon to caibon linking 


II.C CHO t-IICII 2 CHO 


II„C CH(OH) CH 2 CHO 

AldoL 


Such a union is much moie sltble limn the caibon to oxygen bond in p-tr'ildehyde, 
and polymeusalion of this typo is often teuned condensation The dislmclion 
between polymetisalion and londensation is, howcaci, somewlnt vague, although in 
general llic litlu unpins the foimalion of a <ompnatively stable pioduct Aeon 
dcns'ition miy occur, not only ns m those cxunplcs, by dnert combination to yield 
a polymci of the original compound, but the icaclion m ty proceed in othei cases 
with climin ition of watu, alcohol, ammonia, etc , to form a condensation pioduct 
which is no longci a polymci of the stalling mnlciial (see Chiscn condensation, 
p 257 ctseq , and mesilylinc fiom acetone, p 372) I he combination of two 01 moie 
diffeunt substances to give a stable pioduct, with 01 without loss of water, etc, is 
also fiequently described ns a coiulcnsUion 


Combination of this type between two aldehyde molecules is known 
as the aldol condensation* Ihe same icaclion may also lake place 
between two diffluent aldehydes, two ketones, 01 between an aldehyde 
and a ketone The insulting aldehyde alcohols 01 ketomc alcohols 
icadily sphl off watu and pass into unsaluialcd aldehydes ot 
ketones, e t> 

Ctl fl CII(OU) CII a CITO - CII, CII CII GUO 1 II a O 

A Mol Crolonahlehytlo 

Many aldehydes on wanning with alkalis ate liansfoimed into 
biown eomplex lesinous pioclucls (1 aldehyde lestus ) 

llic gieat le.ictivity of aldehydes and ketones is by no means 
limited to the additive icaclions llhisltalcd A laigc numbei of othei 

1 I or met ildchydo ace p 176 Willi lcgsrd to the polyinenaiitlon of oilier ate]chydea, compsrc 
l'rnnkc and Wo/elkn, Manats , 1913, 88, 349 1 Uu. term aldol Is derived from aldehyde 

alcohol, the resulting compounds being both aldehydes and alcohols 
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aldehydes and ketones 


reactions common to both classes depend on then powci of exchanging 
the oxygen of the carbonyl gi oup foi othci atoms 01 gi oups 

q hus. by the action of phosphoms pcntachloiide, oxygen may be 

substituted by two atoms of chlorine 

CH a CHO + PC1 b = CII 8 CIICl 2 d POCljj 

rthyhdenc chlondo 

Aldehydes and ketones unite with hydtazmes to foim hydt agones , 
water being eliminated Phenyl-hyd) amne is usually employed foi 

this purpose 

H 8 CCHO + fI 2 N Nil C 8 II 6 - H b C CII N Nil C 0 II 6 H 11,0 

Phenyl hydnzine AceUldeliyde phenyl hydri/one 

(H a C) a CO + H 0 N NH C 0 H 6 - <H s C) a C N Nil C c II 6 I II a O 

Acetone phenyl hydiisonc 

This reaction, which was fust applied to acetaldehyde and 
benzaldehyde by E Pischer, is fiequcntly of gieal seivicc in the 
isolation and puiification of aldehydes and ketones, since the phony 1- 
hydrazones usually ciystallise well, and on heating with hydiochlonc 
acid take up the elements of water to lcgeneiale the ongmal aldehyde 
or ketone The phenyl hydiazone is most leadily foimcd in weak 
acetic acid solution, and is commonly picpaicd by use of a mixluic of 
equal volumes of phenyl-hydi anne and 50 pm cent acetic acid, diluted 
with six volumes of water Semicmbaztde , NII 2 CO Nil NII a , has 
also proved of gieal value foi the isolation and identification of 
aldehydes and ketones, the semtem basottes obtained being in most 
cases even more leadily crystalhsablc than the coiiesponding phenyl- 
hydrazones 1 

Hydrazoncs and semicaiba/ones aie convcilcd into hydiocaibons 
on heating with sodium elhoxide, the icacUon talcing the following 
course — 

>C N NH CONIL + ILO - >C N NIL tCO, I Nil,, 

>C N NII a « >CII 2 hN a 

We have here a general method of lcplacing the oxygen atom of a 
ketone or aldehyde with hydiogen 2 

Hydrovylannne t NII a OII, combines with aldehydes and ketones in 
the same manner as phenyl-hycha/ine, watci being split off and tho 
residue N OH taking the place of the oxygen I he lesulting 
compounds are termed oximes and aie distinguished as aldoximcs 01 
ketoximes, according as they aie dcuved fiom aldehydes 01 ketones 

CH S CH 0 + NH 9 OII = CII B CII N OH l 11,0 

Acetaldoximc 

(CH s ) 2 C 0 + NII 2 0II = (CH S ),C N OIH II 2 0 

Acctoxlme 

1 See Baeyer, Be, , 1894, 27, 1918, 1898, 81, 2199 9 1 WolfT, Am , 191a, 804, 86 
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Ab m the ease of the hydtazones, the oximes lcgenetalc the 
ongmal aldehyde 01 ketone on being heated with hydiochlonc acid 
The oximes possess basic as well as acidic piopcitics, foiming 
compounds of the type CII 8 CH NOH,IICl and CII S CII NOK 
They usually ciystallise well and ate also used foi the isolation and 
identification of aldehydes and ketones 

An intci eslmg decomposition of aldoximes, to which lefcience is 
made latei, is then tendency to bicak up under certain conditions to 
foim water and a nitrile 

Aldoximes aie piepiied by ticiling tlie aldehyde (t mol) with an aqueous 
solution of hjdroxylimine hydiochloiulc (r mol) and sodium caibonate (J mol) 
in the cold In the case of aldehydes insoluble in water, an aqueous alcoholic 
solution is employed 

I he founation of a ketoximc generally occuis less readily An aqueous or 
alcoholic solution of the ketone may be tieated with the calculated amounts of 
sodium acetate and liydioxylaminc hydiochlondc, and heated one to two hours on 
the watei bath, 01 an alcoholic solution of the compound may conveniently be 
sealed up m a tube with liydioxylaminc hydrochlonde, and healed foi eight to 
ten houis at i6o° to i8o° In the latter case, however, mtrimolcculai 1 estrangement 
sometimes takes place and the expected oxime is not obtained 

Undei the influence of phosphoius pcntachloi ide (and of othci 
leagents such as acetyl chloude, ben/cnc-sulphonic chlondc, and 
solutions of hydiochlonc oi sulphunc aetd in glacial acetic acid), 1 the 
ketoximes undei go molcculai leanangcment and aic conveitcd into 
acid amides ( Bt-ckmann i cau angement) Foi example, 

CIIjv CII a CO v 

>C NOII-->- >NII 

cn a CHj c ns cii, cil cn/ 

Methyl**pi opy l- ketoximc Acotpiopyhmulo 

Undei this ticatmcnt stcicoisomcnc ketoximes yield diffcicnt 
pioducts and the Beckmann icacUon has thctcfoic been employed by 
Ilant/sch as a gcneial means of detci mining the stuictuie of these 
compounds (Foi fuithci details see p 58) 

It lias ah early been mentioned (p 57) that the oximes wcic one of 
the fiist gioups of slcicoisometic mtiogcn dcuvativcs to be discoveicd 

On 1 eduction both aldoximes and kcloximes aic conveitcd into 
pninaiy amines 

CII, CTI NOII i 4II - CTT b CII, Nil, + IT ,0 

(CII a ) 2 C NOII 1 41c = (CII a ) a CII Nil, l np 

Aldehydes and kcloncs also give condensation products with compounds of 

the gcncn.1 foimula X CII 9 X' (such as aceto acetic eslei), in which X and X' 

icpicsent "icactive” gioups Compue Knocvcnagcl, Her, 190/), 87 , 4462 

Foi amino aldehydes see Wold, Jle >, 1905, sb, 4is<|> and fot amino ketones see 
Gabiiel, J)e> , 1911, <U, $7 

1 Wcrnoi mil Piguel, fit/ , 19oj, 87, 4295 , lie/ , 1905, 8B, 69 koi a theoretic 1 ) discussion 
of the Ilccknnnn change, sec Sell toilet, /let , 1909, 48, 3550, Stocrmci, /la , 42, 3133, 
Monligne, /let , 1910, 18, aoi<( 
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SATURATED ALDEHYDES 


Detection of Aldehydes 

(a) As aheacly stated, aldehydes aic voiy easily oxiehscel, and 
therefoie possess i educing piopcities by means of which they may lx 
detected Thus, on tieating a modeiulcly dilute solution ol ,m 
aldehyde with an ammomacal solution of silvet mli.ilc a limn tn Uss 
brilliant silvci mmoi is obtained, the foim.ilion of which may lx* 
hastened by gentle wanning Aliphatic aldehydes diffei Horn those 
of the aromatic senes in lapidly leducing Hilling's solution, with 
piecipitation of led cupious oxide 

(ff) A solution of losanihne hydiochlondt which has lx on dc c olen isc cl 
by sulphur dioxide (Schiff’s icagcnt) gives an intense uddish-violt t 
colour 1 with aldehydes 

(c) An aqueous solution of the sodium salt of mlio-hydioxyluinmu 
acid icacts with a laigc rnunbei of aldehydes to give hyeltoxnimc 
acids On subsequent addition of feme chlmiek a it'd coloiatum i < 
produced This pel mils of the detection of veiy small c[uautitu s of an 
aldehyde 8 

For the detection of ketones by the convulsion of keloMincj into 
bromo mtroso compounds, sec p 153 and footnote 


SATURATED 


ALDEHYDES 


Formaldehyde, methmm^ If CII O, is fountd by tin oxidation of 
methyl alcohol ,eg when the vapour of methyl alcohol mixed with an 
is led ovei healed catalysts such as silvei, toppoi m platinum I slat k 
It can also bo picpaicd by oxidising ethylene (pufuably dilute cl with 
nitrogen or methane) with gaseous oxygen in the pit'suuc of c atalysls n 
Following on the discovciy of Butleiow that foimaldchych coultl 
be condensed to a sugai, Baeyci suggested lh.it m plants conlammj.f 
chloiophyll the conveision of caibon dioxide into taibohychaU* takes 
place by way of foimaldehyde as an inteinu'diale An impoiLant 
advance was made when Baly, Ilcilbion and Bailees 1 showed that 
caibon dioxide in aqueous solution containing suspended coleum cl 
catalysts {eg colloidal titanium hydtoxide) is tonveiLod l>y oulmniy 
visible light into foimaldchydc, anti the latlci into 11 due mg sugais 
Formaldehyde has since been isolated fiom vauous plants, but only 
from tissue containing chloiophyll which had hum exposed to light" 
Hence it appears very piobable that foimaldehyde is actually an intei- 
mediate product in the conveision of caibon dioxide* mte> uuhohycli atos 
and othei plant products By means of the aldol contle nsaliou (st*c* 
p 171) the foimaldchydc may then be convei led into sugai, stai ch, colluleist 


2t ,, r j I V ,n i' ,r< ; ° f ‘IT colo ' lrccl compounds, see Wiolmul nml Scheming, lit, , i.jai, 81 , 

ion 84 686 1'n I912 ' * 6 ’ 1775 b[cillko l jf JUc«o7», / p, fA (3>, 

’yfr* WiUslhttcr and Dommcr, Ami, 1031,433, 36 *1 r r S mai liti ioac 

* G *0 Werner, Dmhtm An , 1936,108, j61 J ’ J ‘ ' 5 
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or lesinous pioducls 1 Gcncitilly speaking, all life depends on this 1 educ¬ 
tion of cai bon dioxide in the chloioplast undci the influence of sunlight 
Puic foimaldehyde is a gas at otdmaiy tempeialutcs, and 
condenses undci stiong cooling to a colouilcss liquid of bp — 21° It 
possesses a pungent, penetiatmg smell, and is a powciful disinfectant 
It is leadily soluble m watei and comes on to the maikcl as a 40 pei 
cent solution, undci the name of fot malm The lattci usually contains 
fiom 12 to 18 pci cent of methyl alcohol, which is intioduccd dnung 
the piocess of manufactuie and seives to pi event the formation of a 
sediment Foimaldehyde is a weakly acidic compound and yields salts 
with sliong bases 

It veiy leadily undci goes polymci isation, and several polymeric 
modifications aie known On evapoialing an aqueous solution of 
foimaldehyde a white ciyslallinc mass of parajot maldehyde 01 oxy- 
methylene, possibly of the foimula (CII 2 0) 2 , is left behind When this 
is heated foimaldehyde is icgeneiated, showing that we aie dealing 
with a case of polymei isation Undci dilfcient conditions a second 
polymci, metaformaldehyde 01 tttoiymel/iylcne , 2 (CII 2 0) 8 , may be 
foimcd 1 1 loxymcthylcne is an indefinite ciyslallinc mass, rap 
171° to 172 0 , which is insoluble in watei 

Undei the influence of alkalis, foimaldehyde may eilhei undergo 
the Cannnvaio inaction (p 430) to give a mixtuic of foinnc acid and 
methyl alcohol, 01 a polymci ide may be pioduccd 0 

Finally, the foimaldehyde molecules may icact togcthci in a thud 
mannci When an aqueous solution of foimaldehyde is Healed with 
lime watei 01 magnesium hydioxide, six molecules of the aldehyde 
condense with the pioduclion of “ fonnosc,” a mixtuic of sugais of the 
fonnula C 0 H ia O 0 (see Sugais) It is this case of polymci isation 01 
condensation which enables foimaldehyde to play such an impoitant 
pat l m the assimilation of plants 

In addition to its use as a disinfectant, foimaldehyde is also 
employed foi the pieseivalion of anatomical picpatations, since it 
possesses the ptopei ly of tiansfoimmg piotcms inlo a haid elastic 
mass, insoluble in watei, Fuilhci, it is extensively utilised in the 
pi cpai all on of diphenyl-methane dcnvatives foi the manufactuie of 
dye-stuffs, as will be dcscnbcd latcw-v^ 

When ticatcd with ammonia, foimhklchydc docs not yield an 
aldehyde ammonia, but gives a complex substance, hcxamcthylcne 
tetiaminc 01 motropvie (ClI^N,, 1 which is employed medicinally as an 
internal disinfectant, especially fot the unnaiy canal The disinfectant 
piopcities possibly depend on the libualion of foimaldehyde 

1 Wilbtallci, Be) , 1917 , 60, 1777 , UhU* suUinngm Ubet du Asstmthtitou dtt FCvhkmmhe 
(Spiingei, Berlin, 1 9 J 8 ) Willatatter, / ang C h y 1919, 03, 339 a On ticrUmcnt with 
concentinted sulphuric acul this ia convcitcd into an laomonc ct irioxymLthyionc, m p 
6o° to J Mimmch, Bet , 1919, 62, 160 1 hor the constitution of hexnmethylenc 

tctiamine j sec Duclcn tind Schatff, Ann , 236, 2 18 
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SATURATED ALDEHYDES 


Osmium bungs about a decomposition of foimaldehyde into methyl 

alcohol and carbon dioxide, 3H CHO + II g O = C 0 a + 2 CII ,OIf 1 


Methylal, methylene dimethyl ethci, C 1 I 3 ( 0 CIL) 2 , is frequently used in phu 
of formaldehyde for condensations and is a veiy good solvent foi many orgtnu 
compounds It may be prepaied by cautious oxidation of methyl ilcnhol with 
manganese dioxide and sulphuric acid, 01 by the action of sodium mclhoxutc 011 
methylene iodide It is a pleasant smelling liquid of b p 42° 

Formaldehyde condenses with phenols (p 411) to foun a haul tesinnus pi ml in t 
(bakehte) which is utilised as an insulating matoml , the piodmts obtained by 
reaction with phenol and naphtha lone sulphonic acids sic employed as aitifiuil 
tannins (rntadol) With casein, founaldchyde yields a tough homy mass used as 
artificial horn or ivory ( galahth , etc ) 

Fo>maldehyde sodium suffhoxylatt, (rongahte C, hydtalditc) is a leducmg agt lit 
employed in vat dyeing It may bo picpnied from foimaldehydc and sodium 
hydrosulphite in alkaline solution 

/XI 

II CIIO+NsIISO, i alLO = IlCf-OII 2lI a O 

\0S0Na 


Acetaldehyde, ethanal\ CH 8 , C 



gcncially known 



aldehyde, 


is formed by the methods indicated above, and is picpaicd by llu* 
oxidation of ethyl alcohol with sodium bichtornate and sulphtuic acid 
It is also obtained as a by-pi oduct in the manufucUuo of alcohol 
(see p 139) The conversion of acetylene into acetaldehyde' uiidci lilt' 
catalytic influence of mcicury salts has been known foi many ycni4 
and has lecently been successfully employed in the manufacluio of 
acetic acid (p 118) Acetaldehyde is a colouiless, mobile liquid of 
peculiarly suffocating smell It boils at +21°, melts at —121°, and is 
readily soluble in watei, alcohol and cthei 'Iho picsencc of small 
amounts of acetaldehyde is best confirmed by condensation with 
dimethyl cyclohexanedione 2 

The most impoitant poly met isaUons of acetaldehyde have aheady 
been described on pp 170, 171, but it may be abided that it also 
polymei lses under the influence of acids at tcmpctaUues below o° to 
give met aldehyde The laltci forms long, glistening ciyslals which 
sublime without melting at 115°, being paiUally convened into 
ordinary aldehyde Foi a long lime mclaldchydo was believed to ho 
stereoisomeric with paraldchyd^ it latei investigation has shown it 
to be a polymeride s and i M^y bmende of this compound 

The following derivativ^^^fietaldehydc aie of lmpoi lance — 

Acetal, CH 8 ,CII(OC 5 H 6 ) s , bp 104®, is formed together with aldehyde by the 

oxidation of afeoho) It is frequently used m place of aldehyde fct condensation 
reactions 


Triohloro acetaldehyde, oMoral, CC 1 8 CIIO, is obtained when 
chlorine is led into alcohol, first with cooling and finally at a highoi 

MuU “' Ber ' I9 ”' 64 > * ai l Ziit Pfys'A Chtm , 1923, 107 , 347 a D Vorlandcr. 
Znl fir ang, Chtm , 1929, 4 a, 46 * IliinUsch und Occhslm, Bet 1907, 40 , 43 p 
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tempeiatmc, and the ciystalhne pioducl of leaction distilled with 
sulphmic acid It may be assumed that the fust step is the convcision 
of alcohol into aldehyde, chlounc acting hcie as an oxidising agent, 
followed by substitution and the foimation of chloial Cliloial is an 
oily liquid, bp 97possessing a chatacteiistic odoiu On treatment 
with alkali at the oidtnaiy tempciatuic it decomposes into chloiofoun 
and foimic acid 

C ?f OK° " CIIC1 s 1 If COOK 

Chloral hydrate, CC 1 , CII(OH) 2 , is pioduccd by the action of 
watci on chloial, it foims leadily soluble ciystals, mp 57 0 , and is used 
as a soponfic Fiom the thcoictical standpoint it is of intei est as being 
one of the few compounds containing two OH gioups bound to the 
same caibon atom 

XiEiotniaehycle, CII 3 CIIOII CIIO, ciystallises in needles, m p 105° 

UNSATURATED ALDEHYDES 

Unsalmatcd aldehydes show on the whole the same chemical 
icactivity as the satin aled compounds, but owing to the piescncc of 
multiple bonds they also undeigo those additive leaclions chaiaclciistic 
of the unsatuiatcd hydiocaibons They aic foimed, among olhei 
icactions, by molcculai lcaiiangcment fiom tcitiaiy acetylenic alcohols 1 

Acrolein, p)openal, actylie aldehyde, CII K CII CIIO, is picpaicd 
by lctnoving the elements of watci fiom glycctol by means of potassium 
bisulphate oi bone acid 12 In place of the potassium bisulphatc 
commonly employed as catalyst, any sulphate may be used which 
yields ftce sulphmic acid at a compaiatively low tempciatuic The 
highcsL and puicst yields of aciolein aic given by passing the vapour of 
glycciol ovei heated magnesium sulphate 8 

cn a (oii) cn(on) cn 2 (on) « cii 2 cii cno-taii 3 o 

It is a colouilcss liquid, bp 52°, which is difficultly soluble in watei and 
has an cxUcmcly unpleasant pungent smell I he tendency of act olein 
to polymeusc is so gical that it usually changes in a shoil time into a 
while, flocculcnt compound called disaciyl Aci olein is leadily oxidised, 
even in the an, to fonn aciylic acid Catalytic hydiogenation m the 
piescncc of nickel at 50° to 6 o° conveits il into pi opionaldehydc 

OrotonaUloliyclo, CII., CII CII CIIO, is piocluced by heating aldehyde with 
dd hydrochlouc acid, 01 with a solution of sodium acetate, aldol being formed 

acn„ CIIO —> CII a CIICOII) CII n CIIO —> CII„ CII Oil CIIO 

ns an mteimcdiate pioducl, It is a pungent smelling liquid, bp 105°, which on 
U'cidalion is linnsfoimed into solid crotonic acid 

1 II Rupo nnd co woikers, I/elv e Attn Aci , 1928, 11, 49 a Bn , 1899, 82 , 1352 Bn , 
1902,88,1136 J pi th (2), 1905, 71, 174 Ilargh, J pi Ch (2), 1909, 7 D, 351 J Wolil 
and Mylo, Bet , 1912, < 16 , 20 (.6 

M 
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UNSATURATED ALDEHYDES 


aj6-Hexenlc aldehyde, CH S CII 2 CII 2 CII CII CIIO, is <t con¬ 
stituent of gieen plants and has been isolated fioin beech leaves 1 as 
a colourless oil of peculiar smell, bp 47° to 4^ undci 17 mm picssuit 

Oitral, geianial, (CII g ) 2 C CI*I CH 2 GII 2 C(CII 8 ) CII C IIO, bp 

226“, is an impoitant unsaturated aldehyde chaiaclciiscd by a pleasant 
smell It is closely related to geiamol and occuts in vanous essential 
oils The most convenient source of picpaiation is lemon-giass oil 
On being heated with aqueous potassium carbonate, citial takes up 
a molecule of watei and decomposes into methyl - heptenone and 
acetaldehyde 

(CH 8 ) 2 C CH CH a CIIj CO CII 8 1 CIf 8 CIIO 

Methyl heptenone Acetaldehyde 

Citral occurs in a and /3 isomeudes {cis and tram foiins) When 
reduced it yields geramol togethei with some nciol (p 145), ami both 
of these alcohols on oxidation arc conveitcd into cilial It is usetl m 
the manufacture of the peifumes, «- and fi-tonones (see next page) 


KETONES 


Acetone, dimethyl-ketone , profianone % CII 8 CO CI 1 8 , is piopaied 
mdustually from law wood spoil (sec p 135), and by the diy distillation 
of calcium acetate In lecent yeais a feimenlatton pioecss involving 
the use of Bacillus maceians has been developed foi the technical 
preparation of acetone from staich Acetone occuis in small quantities 
in blood and noimal mine, and m laigci quantities m the mine of 
diabetic patients {cf p 183). It is a liquid of pleasant smell which 
boils at 56° and solidifies at — 94 0 With walei, alcohol and clhot it is 
miscible in all piopoitions The most impoitant icaclions of at clone 
have already been descubed on p 168 et seg Acctoximc foims white 

prisms, mp 69° By the action of nitious acid, acetone is conveitcd 
into iso mtroso acetone, CII 8 CO CII N Oil 

Acetone is an excellent solvent foi a vanety of 01 game compounds , 
it enters into the manufactuie of smokeless powdci and coidile, and 

forms the staitmg material m the pioduclion of chloiofoim, biomofnim, 
iodoform, sulphonal and synthetic uibbei 

The condensation of acetone leads to the foimation of unsat mated 
ketones 3 These compounds, which have not yet been fully investigated, 
combine the piopeities of the ketones with those of the ethylene senes’ 
Thus they unite with ozone to foim unstable ozonides 


Mesityl oxide, (CH 3 )»Cs=CII CO CII 3 , a colomless liquid, 1 ) p 132*, wuh n 
smell resembling that of peppennint, and Phorouo, (C1I 3 ) 2 0 ^CII CO.CUm 
C.(CH 3 ),, mp 38 and bp 196°, are produced togclhci by Healing acetone with 
ehydi a ting agents such as hydrochlouc acid, conccntinted sulphmic acid 01 /me 
chloride More vigorous treatment with concentrated sulplmuc acid entries ll.o 
process further, yielding the aromatic hydiocaibon meeityleno (p 37a) 

88, 3 C 4 S' US and FnnZen ‘ Am ' I9E2> 800 ' 89 9 Enoovenagel and co workers, IU, , 1906, 
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Pseudo-ionone, C 13 II 20 O, is foimcd by the condensation of cilial 
with acetone undei the influence of baiyta walei, 

(cii 3 ),c cii cn 2 cn 2 c(cii 8 ) cn cno+11^011 co cn 3 —> 

Cur tl Acetone 

(CII a ) 2 C CII CII B CII 2 C(CII 3 ) CII CII CII CO CIIjH 11,0 

Pseudo lonone 


When boiled with dilute sulphiuic acid it is icadily tiansfoimed into 
the isomciic tononcs The lattei aie i educed benzene dei ivativcs which 
occut in two modifications as a- and /3-ionones, having the double 
bonds in the ung in the A 8 and A 2 positions icspcctivcly 


II 8 C CII 



B 


II B C CII 


C 
II 


II „c 



c 


CII CII CII CO CII 


B 




II 2 Cf^CII CII CII CO CII 



C CII 


B 


II ,c 


B 


CII 


Pseudo ionono 


0 U 

CII 

« Ionono 


C, CII 


8 


Isomenc with the lonones is irone (double bond in Apposition?) 
which occuis in omsioot and gives use to the pleasant pci fume of the 
violet As lonone sliongly lesemblcs none in smell, it is picpaicd on 
a technical scale lay the above method, cilial oi picfeiably lemon-giass 
oil being Ucated with acetone in the picscncc of an alkali (eg , sodium 
clhoxidc) and the pseudo-ionone so foimcd convciled into lonone by 
means of sulphiuic acid oi sodium bisulphatc 


KETENESi 


The aliphatic senes has leccnlly been extended by the addition of 
a new class of compounds leimcd ketones These include the simple 
ketcnc CII 2 CO discovctcd by Wilsmoic, substiluted kotcncs clis- 
covctcd by Staudmgci, who also noted then cxtiaoidinaiy reactivity, 
and the double ketene of Diels, O C C C O, somewhat maccuialcly 
called caibon suboxidc All these compounds contain Lctiavalcnt 
cat bon The chaiactenstic gioup of the ketenes is >C C O, and 
although they show none of the typical caibonyl reactions, they aie 
hcic on foimal gionnds classed with the ketones 

Pieflatation —The majonty of ketenes of the gcncial foimula 
R 2 C C O have been picpaicd accoiding to the method of Staudmgci 
by acting on a-halogen-subslituted acid chlondes with metals, pi efei ably 
zinc, in liydioxyl-fiec solvents In this mannci duncthyl-ketcne is 
obtained fiom dimethyl-bromacetyl biomide 

(CII„) 3 CBi COBi l Zu = (CII fl ) 2 C CO ) ZnBi a 

1 Sec Die ReUne by XI SHudmger, edited by J Schmidt (Enke, Stuttgart, igis) AJso 
Staudmger and co workers, Heh Chm Acta , 1918 1924 
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In addition, ketenes aie alio obtained by the disiuplion of ting 
compounds and of diazo methane denvativcs The fission of dikclo- 
cyclobutane derivatives, which are themselves dimoleculai polymciisa- 
tion pioducts of the ketenes, is an example of the foimei type 

R a C—CO RjC CO 

I I -^ + 

oC— cr 2 oc cr 2 

The simplest ketene, CH 8 CO, is readily piepaicd 1 by passing the 
vapoui of acetone at dull led heat Ihtough a glass tube filled with 
bioken tile, when ketene and methane are fonned 

CII a COCII 8 = II a C CO hCHj 

Piopetttes and Reactions —The kelcncs, R ? C C O, belong to the 
large class of compounds containing two adjacent double bonds in 
the molecule, and are thus to be giouped with caibon dioxide, 
O C O, isocyanates, RN C O, and mustaid oils, RN C S With 
these they possess a number of leaclions in common, although dtfleu- 
mg in then yellow coloui Thus kelcnes leact with watu, alcohols, 
ammonia, amines and phcnyl-hydtazine, when addition occuis at one 
of the double bonds, leaving the olhei unattached, with the foimation 
of acids 01 then detivalives 

//° 

R a C C O + IIOII - R 2 CII C f 

'OH 

R.C C 0 + IINII a = RnCTI C f 

M 


In some lespccls, howevei, the icactions of the ketcncs xilace them m 
a class by themselves For example, they undcigo auto-oxidation, 
and tinilc with ccitain tcitiaiy bases such as quinoline and pyndme 
to foim pccuhai compounds known as “ketene bases ’* 

Anothci icaclion typical of the kctcncs is then powci of combining 
with various unsatuiated substances to give addition compounds This 
ptoecss usually icsulls in the foimation of a foui-mcmbcicd ung, on< 
molecule of ketene combining with one molecule of the unsatuiaUd 


substance 


R a C-CO 
+ 

R, = Rrv 


R,C—CO 




The ease with which many kctencs polymensc may be liaccd to 


a similai cause 
produced 


In this case denvativcs of cyclobulanc me gencially 


2R a C =» CO —-> 


RjC—CO 
OC—in. 


1 Schtnidlln nul Bergman, , 1910,4s, 2821 tor the origin'll method of picparitton 

see Wilimcre,/ C 1907, 01, 1938 
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Ketone, CII a =CO (preparation see above), is a colauilcss gas with an exceedingly 
unpleasant* pungent smell, lcmunscent of both chloiuie and acetic anhychidc 
Inhalation of the vapour causes sevete headache At — 56° it condenses to a 
colomless liquid which solidifies at —151° to a white ciystalhne mass The gas is 
readily soluble m ether In the puie state ketene is veiy unst ible and can only 
be preserved at a low temperature (-8o ft ) At 100m temperature it poly menses 
slowly, and on stiong heating decomposes into ethylene and cat bon monoxide 

Methyl ketene, (CII 3 )CII CO, lias so fat only been obtained in ethereal solution 
HSven concentiated solutions aie colomless, and these, when cooled in liquid air, 
solidify to a mass of colomless ciystals At a little above -8o° it polymenses 
spontaneously Solutions of the ketene, even at high dilutions, soon assume n 
yellow or yellowish brown colour, piobnbly owing to the foimation of polymeiisation 
pioducts 

Dimethyl ketene, (CII 3 )jC CO, is leidily obtained m dilute ctheical 01 ethyl 
acetate solution by the action of me on biomo isobutyiyl bromide The pmo 
Uctcne is 1 yellow liquid of unpleasant, choking smell, winch boils at 34° to givo 
n. pale yellow gas I he solid substance, nip —98°, is Uso yellow in coloui 
I?uic dimethyl ketene is very unst ible and polymerises witlim a few horns to 
Ictiamethyl diketo cyclobutane 

THIO-ALDEHYDES AND THIO-KE3TONES 

These compounds aie pioduced by the action of hydiogen sulphide on aldehydes 
mid ketones They aie liquids with a repulsive smell, and readily change by 
polymeiisation into almost odotulcss compounds known as tn thio aldehydes or 
tn thio ketones On oxidation with potassium peimanganate they yield sulphoncs 
Thio acetaldehyde, ethui thial, CII a CII S, is a lepulsively smelling oil, not 
known in the puie state, which on tieatment with acids is leadily conveited into 
1 Hud aldthyde } (CXI 3 CIIS)j The lattei occuis in two modifications melting 
rtt roi° and 125 tespectively, both of which me odouilcHS and m xy be oxidised 
to give the same A iclhyIntent inmlphom* C o n 13 (SO a ) 3 

Txi thio aootone, [(CII 3 )jCS] 1} is obtained as the final pioduct of the action of 
liydiogen sulphide on a mixtuic of acetone and concent!atul hydtochlouc acid 
It melts at 24, and on oxidation with peimanganate yields in sidphom acefott^ 

KciijSc soa 



Monobasic Cai boxylic Acids 


The chiiuictei islic giouji 
cm boxy 1 gioup—C< the 


contained in all these .icids is the 
hydiogen of which can be leplacccl by 


N OII 

imclals with the foimation of salts Consequently the basicity of the 
acids depends on the numbei of an boxy 1 gioups picscnt m the molecule 
'i’hosc acids containing one such gioup aie monobasic (monocaiboxyhc 
acids), and those possessing two such gioups aie dibasic (dicarboxyhc 
acids), and so on, as lllustiated by the following examples -—• 

CIT s COOII CII 2 (COOII) 2 C B II 6 (COOII)„ 


Acetic icul 
(mono bide) 


Matonic acid 
(dibasic) 


I ricarballylic acid 
(tnb isic) 


M 2 
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SATURATED MONOBASIC FATTY ACIDS 


The acids aie called satuiated oi unsaUuated accotchng to the 
state of the hycliocaibon ladicals attached to the caiboxyl gioup 
Monobasic satuiated acids of the aliphatic senes aie commonly known 
as fatty aolds, since many of them aie piepaied fiom fats 

Nometidaluie. —The names of the fatty acids all tciinmate m the 
syllable -tc, and generally indicate then sontce of piepaiation, as in 
foimic acid (fiom ants), or the numbei of caibon atoms m the molecule, 
as in hexoic acid, C 0 I-I 12 O 2 

Accoiding to the Geneva nomenclatnie the acids aie named fiom 
the parent hydiocaibon by the addition of the wotd “acid/’ polybastc 
acids being fuithei distinguished as di-, tii-, leha-acids, and so on 

The usual English and Amciican piacticc is to employ the common 
names in descnbmg satuiated monobasic acids and then dcnvativcs, 
the position of substituents being shown in the usual m.mnei by the 
use of numbcis or Greek letteis (see p 100 ) Poly basic acids aie 
frequently descnbed as poly-caiboxy hydiocaibons, and unsatmated 
linkings indicated by the endings -cnc, -me (sec p zo8), as in the 
following examples The Geneva nomcnclaUuc is also given in 
italics 

cii 8 cn a cii(ch 8 ) coon cn B cii cn cn 2 cit.cooii 

« Methyl butyric acid or methyl- <yS or A* hexente -uld 

ethyl acetic acid ( \~Ile\eue i acid) 

(2 Methyl butane acid') 

iiooc cn a cn 2 cn cii coon 

A tt -BMteiie-«S dienrboxylte acid 
(2 Ile\tne~\ 6 ihacul) 

In the discussion of leaclions it is ficquently ncccssaiy to tefei to 
that gioup of atoms which lcmams when the hydioxyl gtoup is 
lemovcd fiom a fatty acid, such gtoups, which aie not capable of 
existence in the fice state, aie known as “acyl” gioups oi acid ladicals, 
and aie named aftei the conesponding acicl by adding the tcimmation 
yl to a suitable conti action of the lallei, eg 

0000 

n o~ ii 8 c c— c a ii n c— c,,ir y c— 

Pormyl Acetyl Pro]iiony] Butyryl 

I—SATURATSD MONOBASIC PATTY AOIDS, |^OOH 

Piopetties and Chemical Beltavma —The fatty acids of low caibon 
coutenl aie coriosivc liquids of pungent smell which distil without 
decomposition, dissolve leaddy m watci and ate acid in icacUon Those 
next m the series (Cj to C # ) ate oily compounds, spaungly soluble in 
walei, and smelling unpleasantly of lancid buttei 01 peispnation 
The members fiom C lfl upwards aie solids, which aie no longci soluble 
in water but dissolve leadily in alcohol and ethet , they cannot be 
distilled without decomposition except undei diminished picssuic 
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As ahcady mentioned, the hydrogen of the caiboxyl gioup is 
leplaceable by metals and also by alkyl gi oups In the latter ease 
the csteis foimcd have the same chai aclcnslic piopeities as those 
of the mineial acids (p 146) 

Acids may also be conveited into acid chloudes by exchanging the 
hydioxyl gioup foi chlonne, 01 into acid anhydt ides by exchanging the 
leplaceable hydtogen of the cat boxy] gioup by an acid ladical, 

Cii CO 

CII 9 CO Cl + CII a CO ONa = ° ) 0 -\ NaCl 

CII 8 CCK 

Acetyl chloride Sodium Tcetate Acetic nnhytlride 

On teplacing the hydioxyl gioup by —SH we obtain thto-acids, by 
—NII a acid amides, and fiom the laltci by lemoval of watei the nitnles 

CII 3 CO SII CII„ CO NII a CII a C~N 

rhio icctic'iud AcetTnucle Acotomtnle 

Chloio - or biamo-substituted caiboxyhc aetds may be piepaicd by the 
duect action of halogen on the acid 

With the exception of foimic acid the majonty of the fatty acids 
aie little affected by oidinaiy oxidising agents 

On ticalment with conccntiated sulphuizc acid the teitlaiy acids, 
in paiUculat, undeigo decomposition to give cat bon monoxide and the 
conespondmg caibinds 1 

Oigamc acids also icaci with hydiogen pet oxide to yield pei-acidsj 
such as pci-foimic acid and pci-acetic acid * 

Othci changes undcigone by caiboxyhc acids have ahcady been 
mentioned in pievious chapLcis, compaic pp 101, 103, 13-^, 160, 168 
With icgai d to the catalytic action of finely divided metals, see 
Mailhe, Ch Zeit , 1010, 242, 254 

An impoilant biological pioccss is the oxidation of fatty acids 
at the fi-cai bon atom to give lowci acids This was discoveied by 
Knoop, who found that phenyl pioptonic acid intioduced as food was 
eliminated m the mine as benzoic acid (in the foim of hippuiic acid), 

C 0 II B CII, CII 2 COOII —C 0 II B COOir Ill diabetic patients 

bulyi ic acid becomes tiansfoimed into /3-hydi oxy-butyi ic acid 

CII, CII, CII, COOII-->CII, CHOir cil a COOII By ftulher 

oxidation the lattci piobnbly oxidises to the / 3 -lcetomc compound aceto- 
acctic acid, which leadily decomposes into acetone and caibon dioxide 

(pp 178 and 25c) CII, CO CII, COOII—->-CII 8 CO CH 0 +CO a 
On the othci hand, bcn/oic acid, C 0 II 6 COOII, and phcnylacctic acid, 
C„II 4 CII, COOII, m which /3-oxidation cannot occui, aie unchanged 
in the oiganism Dakin 1 and Neubauu have shown that ammonium 
salts of fatty acids can be disiupLcd at the / 3 -position by puiely chemical 
oxidation, using hydiogen peioxidc oi potassium peisulphate 

1 A Bisti/yrki Jin , 1007, 40 , 4370, 1908,41, 1665 4 J d'AnsamlW I'ioy, Bet , 191 a, 

46 , 1845 8 Am Ch J, 1910, 44 , 41 
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Methods of Foi motion —Of the minacious leactions available foi 
tht<3 piupose only the most impoitanl aie descnbcd lieie 

Satinalcd monobasic acids aie piocluced 

1 By oxidation of the coiiespondmg pnmaiy alcohol 01 aldehyde 
(pp 130 and 166} 

2 By allowing alkyl iodides to 1 eact with potassium cyanide, and 
hydtolysmg the alkyl cyanide 01 liitulc so foimcd 

CII, C N I 2lI s O - CH S C0 2 II hNII 8 

Moth)] cyanide Acetic acid 

(Accto niinle) 

In this reaction we may assume the intermediate foinintion of the compound 
CII 3 C(OII)^with thiec hydroxyl gioups attached to the bame c ubon atom Such 
compounds aie not stable (p 130) and immediately lose a molecule of watci to yield 
caiboxyJic acids these hypothetical compounds lm\c been leaned 01 tho acids 
and give quite stable esteis, eg oiihofonmc fe ), II C{OC L II 0 ) ft 

3 By Wanklyn's icaclion, which is of thcoictical unpoitancc 
as affoidmg a simple means of passing fiom the mctnllo-oigamc 
compounds to the acids It consists in the action of caibon dioxide 
on sodium alkyls, 

Cir 8 Na | CO a = CII, CO ONa 

Sodium methyl Sodium Bcetnte 

I he mlCLCst of this icaclion lies m its simplicity Unfoilunatcly 
the alkyl dciivatives of alkali metals aie unstable and difficult to 
picpaic, so that the method is of little piaclical value 

4 Catboxylic acids have leccntly been synthesised m an analogous 
mannei by Gtignaicl, by tieating magnesium alkyl halides in ellicieal 
solution with caibon dioxide and decomposing the additive compound 
so foimcd with dilute sulphtmc acid 

R Mg X I COj - RCO O MgX 
R CO OMgX I TTjO « K CO Oil | ITO MgX 

5 By the action of caibon monoxide on alcoholatos at high 
tcmpuatuics, eg, 

CII, ONa I CO - CII B COONa 

6 lhe hydiolysis of acetoacelic cstci and Us dciivatives is a useful 
method foi the ptcpaiation of monocaiboxylic acids J his is descnbcd 
m detail lalei 

y On the technical scale the highei fatty acids aie picpaicd by the 
hydiolysis of fats 

8 In the animal oiganism fatty acids aie conveitcd into lowci acids 
by oxidation at the /3-caibon atom (see picvious page) 

9 J^owei fatty acids arc also foimecl by the icduclivc dcgiadation 
of amino-acids 1 

J C« Neuborg mul Rosenberg', Bmhem 7 t\lsc!v , 1907, 7 , 199 Ncubu-g, ibui , 1911,87,490 
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Isomensm —The numbei of stiuctuial isomcndes theoi etically 
possible foi a caiboxyhc acid of given caibon content is the same as 
that foi the con espondmg aldehyde 01 pmnaiy alcohol, since the 
isomensm depends on the diffeicnt aiiangemcnt of the caibon atoms 
in the hydiocaibon ladical united to thccaiboxyl gi oup Among the 
fhst thice mcmbcis of the senes, theiefote, no isomensm is possible 
The foui th, howcvci, exists in two isomeiic foi ms 

Formio aoict, methane acid, acidnm fotnucnm , H COOII, occuis 
m ants, stinging nettles and many liquids of animal ongtn, such as 
pcispuation and mine, it is obtainable fiom any of these souices 
by distillation with walci It may be fonned accoidmg to the geneial 
methods given above, but is usually piepaied by one of the following 
special methods 

Foimic acid was onginally obtained fiom oxalic acid by heating 
it with glycetol at ioo° to iio° (Bcithclol) Undu these conditions 
the oxalic acid decomposes with the fonnation of ceitain mtcnncdiate 
products to yield chiefly caibon dioxide and fonnic acid 1 

COOII 

| = CO, h II COOH 

COOII 

On ilic icid 

Recently it has been manufacluied by heating caibon monoxide 
with soda lime 01 sodium hydi oxide Fiom the sodium foi mate 
thus pioduccd, the puic anhydious acid is piepaied by distillation with 
sodium hydiogen sulphate 

CO + NaOII « II COON i 


Fiom dilute solutions the anhydious acid i,s isolated by licalmcnl 
with hthaigc and decomposing the dned lead salt with hjxltogen 
sulphide at loo 0 

Anhydious foimic acid melts at 8 6°, boils at ioo 6°, and has a 
penetiating pungent odom It is stiongly conosivc and laiscs 
blisteis on the skin With watei, alcohol and cthei it is miscible m 
all pi opoi Lions I he acid gives use to salts known as foi mates, all of 
which dissolve in watei, although those of lead and stlvei aic only 
spai ingly soluble 

Owing to the picscncc of an aldehyde gioupmg in the molecule, 


foimic acid ( IIO 



/II 

c <o 



tends to undcigo oxidation with the forma¬ 


tion of caibon dioxide and watei, and in this icspect diffcis fiom all 
its homologous 


IIGOOIH O 


CO. I 11.0 


Consequently it is a i educing agent, as is shown by its bchavioiu with 

1 See ChatHwfty,y C S, I9M, 10B, i$t 
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silver and mercury salts When heated with foimic acid in aqueous 
solution the formei yield a silver mnror and the lattci mcicuious salts 

Above 160’ formic acid decomposes into caibon dioxide and 
hydiogen The same icaclion lakes place at oidinaiy lempciatuie 
undei the catalytic influence of finely divided lhodium, indium, 01 
ruthenium, and less icadily with spongy platinum Fiom this it 
may be concluded that the molecule has a tendency to split off 
moieculai hydiogen accoidmg to the equation II COOII = CO a -f-TI 2 
The ieduction of foimic acid by the addition of hydiogen would 
therefoie be expected to piesent special difficulty, and in actual 
fact, even under the most diveise cxpenmental conditions, it is 
only possible to obtain minute yields of foimaldchydc or methyl 
alcohol by the teduction of foimic acid 01 its salts with hydiogen 
It should be noted, howevei, that good yields of foimaldchydc 01 
methyl alcohol may be obtained by auto-icduclion, 1 by heating the 
acid with a suitable contact agent 

When foimic acid is waimed with concentiatcd sulphuiic acid it 
decomposes smoothly into puic caibon monoxide and watci 

IICOOII « II 2 0 l CO 

Aoetie Aold, Ethane Acid, Actdutn aceticum , CII a COOII 

Salts of acetic acid aie found in the sap of many plants and also 
in pcispuation Fiom the piaclical standpoint the acid is one of the 
most impoilant of the oiganic acids, and is piepaied technically by the 
oxidation of dilute ethyl alcohol (wine, beci, etc), by the diy distillation 
of wood and more icccntly fiom acetylene as stalling maluial 

I In the picpaiation of dilute acetic acid ot vineqai fiom liquids 
containing alcohol, the oxidation is brought about by the action of ail 
under the influence of bactcna, chiefly Bacterium aceii 11 m acetic 
feunentation a occius diuing the souiing of beci oi wines and leads to 
the foimation of white oi wine vinegar Fcimentccl liquids containing 
a small piopotlion of alcohol aio utilised in this piepaiation A moic 
modem method known as the quick vtnegai piocess is conducted in the 
following man net 

Large wooden vats ate filled with baskcl-woik oi beech shavings 
moistened with stiong vinegar containing acetic bactcna The basket- 
work serves on the one hand to picscnt a laige suifacc of liquid to the 
oxidising action of the air, and on the olhei piovidcs a suitable medium 
for the giowth of the bactena The tubs aie fitted with a pet Totaled 
covci and the alcoholic liquid is mn in and allowed to tncklc slowly 
ovci the shavings Air enteis through holes in the lowei walls of the 
vessel and passes upwaid in the opposite direction to the flow of the 

1 K A Hofmann wl Sell [bated, Bet , 1918, 81 , 1389,1398 For the c italyttc decomposition 
of free formic acid, see S-ilnlier end Mail lie, C , igir, II, 15 8 For detailed mformilion 

concerning acetic fermentation, see Bucliner and Gaunt, Ann , 1906, 840 , 140 
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liquid Oxidation is completed by lepeating the pi occss seveial times, 
the lempciatuic being maintained at 30° to 35 0 The whole leaction 
lasts about foui teen days and yields a table vinegat with about 6 to 7 
pci cent of acetic acid 

II Stiongci acetic acid is picpaicd by the diy distillation of wood 
(sec p 135) The liquid pioducts of distillation scpaiate into a lowei 
layci of wood tai and an uppei aqueous layei known as pyioligneous 
acid The chief constituents of the latlei, apait ftom watei, aic acetic 
acid (10 pci cent), methyl alcohol (1 to 2 pel cent) and acetone (0 5 pei 
cent) Aftci the lemoval of tai, the ciude pyioligneous acid is distilled 
fi om a coppei vessel and the distillate ti apped m milk of lime, by which 
means acetic acid and its homologuts aic letained as calcium salts 
Methyl alcohol and acetone, being volatile, pass on and aic condensed in 
a special app.11 alus The law acetate of lime is fieed fiom taiiy mattci 
and dued, when it constitutes the “ gicy acetate ” of commcicc (containing 
80 pci cent of calcium acetate), fiom which ciude 70 to 75 pci cent 
acetic acid is gcncially ptcpaied by dncct distillation with sulphunc 
acid In anolhei piocess the etude acetate is convcitcd into sodium 
acetate by ticatmcnt with sodium sulphate Sodium acetate ciystalhses 
exceptionally well and is thus leadily fieed fiom the accompanying 
salts of homologous acids (such as piopionic and bulync acids) Aftei 
heating the sodium acetate so obtained to lcmove watei it lstieated 
with conccntiatcd sulphunc acid, and puie acetic acid distilled ovci 
The puic acid solidifies on cooling and comes on to the maiket undei 
the name of glacial aedte acid The manufacluic of glacial acetic acid 
fiom sodium acetate is now lately earned out, as it is almost exclusively 
piepatcd by 1 edification of the 70 to 75 pet cent acid obtained fiom 
" gi ey ” acetate of lime In this case sulphuious acid and dilute acetic 
acid distil ovci fiist, followed by glacial acetic acid and finally piopionic 
and bulync acids 

III It has long been known that watei combines with acetylene 
undei the influence of mcicuiy salts to foim acetaldehyde, which on 
oxidation may be convetlcd into acetic acid The development of this 
leaction has lcccnlly led to the manufactute of acetic acid fiom calcium 
caibidc 

Propci ties —Anhydious acclic acid melts at 16 6° to a conosive 
liquid of pungent smell, which boils at 118° In contact with the skin 
it pioduces painful wounds If is specifically hcavici than watei, with 
which it mixes in all piopoiLions, solution being accompanied by 
libeidlion of heal and conti action in volume On adding watei to 
acetic acid the specific giavity fiist uses, but falls on fuilhci dilution 
Ileticc it is not possible to ascettain the slicnglh of an aqueous mixlmc 
fiom specific giavity data alone The acid is liygioscopic, and stable 
lowaids oxidising agents such as cluomic acid and potassium pei- 
manganate Since it is an excellent solvent foi many oiganic compounds 
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it ls frequently employed as such in chtomic acid oxidations Pmc 
acetic acid should not decolonsc one chop of a solution of potassium 

peimdpganate 

Acetic acid gives use to salts known as acetates , most of which aic 
soluble in water Stive) acetate is only spai mgly soluble 1 he following 
are of technical importance sodium acetate , NaC 2 H ft 0 2 + 3 lI a 0 , used 
for artificial cooling, had acetate ox sugar of lead, Pb(C 2 II 1 , 0 {2 ) iJ + 3lI a O , 
and bant acetate of had, Pb(OII)(C 2 II s O 2 )> used in the manufactuie 
of lead pieparations (e g, white lead) 

Acetates of aluminium , chromium, iron and cop pa aic laigely 
employed as mordants in dyeing and punting 

Propionic a old, me thy l acetic add, CII 3 CII 2 COOII, may be piepucd by the 
oxidation of lioimal propyl alcohol 01 by the hycholysis of ethyl cyanide It is 
a liquid of bp 141°, winch tesembles acetic acid Propionic acid is thiown out 
of its aqueous solution m the form of an oil by the addition of s ilts 

Butyric Aoide, C 8 II r COOII 

Two structuial isomeiides of lilts acid ate possible 

1 Normal butyrio acid , fetmentation buiync acid\ ethyl-acetic acid, 
butane-acid, CH B CH a CH a COO IT, occult as the glyceiyl estci (butynn) 
in butter, and is also found m the fiee state in petspn alien 

It is formed by the genet al methods available foi the picpawilion 
of fatty acids, and is known as feimentation butync acid owing to its 
production undei ccitain conditions duting the fei mentation of sugai, 
starch or lactic acid 1 It is a viscous, unpleasant-smelling liquid, b p 163° 

2 Isobutyrio aoid, dimethyl - acetic acid, methyl - piopane acid, 
(CH 3 ) s CH COOII, boils at 154 0 It lesemblcs buiync acid in its pin- 
perties, but is moie easily oxidised The calcium salt diffeis fiom that 
of normal butync acid in being more soluble m hot watci than in cold 

Valerio Acids, CJIo COOII 

Tour structural isomcndcs are possible, all of winch aio known, vi t — 

Normal valeric acid, CII S Cn a CII 2 CII a COOII, b p 185° 

Isovaleric acid, (GH^CII CII B COOII, b p 175* 

Methyl ethyl acetic acid, (CHO(C a II B )GII COOII, bp 177* 

Trimethyl acetic acid, (CUa^O COOII, bp 164° 

Isovaleric acid, ordinary vcihiic acid\ 3- methyl-butane acid, 

(CH a ) a CH CH a COOH, occurs m the ficc slate in many plants, 
particularly in valerian loot, from which it is picpaicd by boiling with 
aqueous sodium caibonale The pioduct so obtained is the oidinaiy 
valeuc acid, Acidum valettantcum, of phaimacy, and contains also some 
optically active methyl-ethyl acetic acid A sniulai mixtuie is obtained 
by the oxidation of fei mentation amyl alcohol with chiomic acid 

L For the chumicat changes which take place during the butyric fumcnPUiun, see h lJuchiier 
And J Melscnheimer, Bet , 1908, 41 , 1410 Ncuberg mcl Arinstcm, IQ3I, III, 109 [ 
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Higher Fatty Adds, Oils, Fats, Waxes 1 and Soaps 

Of the highet fatty acids, the noimal membeis of the scucs with an 
even nurabei of caibon atoms aic found as esteis in oils and fats of 
vegetable and animal ongin The most notewoithy of these ate 
palmitic acid> C 10 II 32 O 2( melting at 62°, and stearic acid, C 18 H 80 O 2) melting 
at 69° In fiequent association with these two compounds aie cci tain 
unsatmated acids, such as the liquid oleic acid , C 18 I-I a4 0 2 Oils and fata 
consist mainly of mixtuics of the ncutial glycciyl esteis of the^sTmce 
acids, foimed, as lllustiated in the following equation, by the combination 
of the tnhydnc alcohol glyceiol with thicc molecules of monobasic acid 

CII 3 Oil CIIjj O CO C 16 H 8] 

cii on 1- 30,511,! coon = cn o co c 10 ii 81 + 3H a o 

| Palmitic icul [ 

cn 2 on cn, o co c 16 n„ 

Glycerol P'llmitin 

(Glycei yl tripalmitiic) 

Waxes diffei chemically fiom fats in being fatty acid esteis, not of 
glyceiol, but of highet monohydnc alcohols of the methyl alcohol senes, 
such as cetyl alcohol, C 10 II aa OII (in spermaceti) and myticyl alcohol, 
C, 0 II fll On (111 beesiva\) In addition they also contain higher alcohols 
and acids in the uncombmcd state 

Of the glycciyl esteis of the thice acids named above, known as 
palmilin, steal m and olcm 1 espectively, the last has a considciably 
lowci melting-point than the otheis 

Pal mi tin Ggll^O CO C ja II u ) a m p 63 

Stem 111 C fl n 6 (0 CO 5 

Olein C^UO CO C iv n 3 ,) 3 »» -6° 

It follows, thcrcfoie, that the melling-pomt of a fat 01 oil, and its 
consistency at the ouhnaiy tempcialuic, depend veiy laigcly on the 
iclative piopot lions of the glyccndes piescnt 

These oils and fats aie obtained only fiom animal and vegetable 
soutccs In plants they function like staich as food lcseivcs, and foi 
this put pose they arc accumulated in the seeds and lubcis Animals 
also use vegetable oils and fats as food, employing them to build up 
new fats, which aic deposited in the body and if icquncd aie available 
as lescivcs in time of hungei 

Oils and fats aic picpaied fiom nalutally occumng pioducts by 
expiessmg, melting 01 boiling out, 01 by cxtiaction with solvents 
Those intended foi table use aic geneially cxpicssed 01 melted out 
When intended foi olhei piu poses all foui piocesses may come into 
opcialion Fiequcntly the meltmg-out piocess is pet foimed undei 
prcssiu e 

Fats ate insoluble m water, and only spanngly soluble in alcohol, 

1 See J LewkowitBch, Chemical Technology and Analysts of Oils , Pats and 
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they dissolve readily In ethei, caibon clisulphide, hcn/me, thluiofoim 
and similar solvents 

On heating 1 with alkalis (lime, magnesia, etc), mmual aud\ m with 
waloi at high IcmpciaLiue and picssuie, fats aic hydiolystd In fnnn 
glycctol and fatty acids -—■ 

cir a o c ie n 81 cn, on 

CH 0 CO I 3 lI a O - 3 C lfl IT,,! OOOI 1 1 ( 1 ! OH 

i Puhmiiutuid I 

ii 3 o co*c lr iie t ni ( on 

Pnlmltm (.lytuul 


This hycholysis is hi ought abouL by the us< ol alkalis in tin 
manufactuic of soaps, which aic alkali salts of tin fatty acids Hum 
the above icaclion is sometimes lei mud saponifuatwH (p njy) 

Hycholysis may also be effected at ulalively low h mpe laluies 
(below <r|O n ) by the action of the faL-hy(holysing rn/ynu mi 

an aciucous emulsion of the fat I'cimcnls of this type at< pusuti 
in the digestive oigans and also in plants 1 

The free fatty* aoids iccjuiicd foi the piodmtuin of candles, and 
glycciol, which is utilised nowadays fot a gieat m«my puijmas, air 
usuall}' picpatccl by hydiolyslng fats with sulphuuc acid, ui with ualu 
alone undoi high picssuie (15 to i (5 atmosplunes) anil lc mpu ilinc* 
(tf« 200°) Ihc raw mnteiials most ficqucntly tm[iloycd ait* tallow, 
laid, cocoanut oil and palm oil 

As obtained by this pioccss the mixtute of fatly acids fmrns a semi¬ 
solid mass at ordinaly tcmpeiatuics, since i( contains liquid olui add 
In add 1 Lion to solid palmitic and slcauc acids Oleic mid is lunovtd 
undci picssuie ancl used foi the manufactuic ol soap Afici mlinislmc' 
with a little wax to pi event ciystallisation the solid acids aic u*cd in 
the pioductton of " stcaiinc ” candles. 

It has aheady been stated that soaps ate the sails and paitnulaily 

the alkali salts, of palmitic, slcauc and oleic acids t lit> an 

piepaicd by saponifying fats by boding with caustic soda puia-li 

The reaction with palmitin, a fat veiy widely dislnbuUd 111 natme, is 
expicssed by the equation —- 


CU 


CO 




no co 


cii 2 o co (,«*nip.) ( n ok 

C.ljin,.! 

1 A., itulustrinl procoM for converting fnU into fully ncida m,\ gljrcrol drormls «l tc m 
of im enryinc occurring; In Cho castor bonn After removing tlio oil ,„c, c ..t i„ tl, n } M| „ „ w 
residue n gronml up with the fnt and mixed with a dilute normal) a „luU.m ,.f Mmia 

add, tvlmn on untilHcm Ja formed At 0 tcmpernluro of 30* to 40* the fm> «,lda on. 

n the pure Mato during the apace of two or three days, wl.de glycerol rollcrh in tl,o ioluii,.,, t « 

2 SsT igoM 6 6° P ° r Ce ' 4t &Qe l0yCr> ° n ' ,9 ° a ' 8<5 ’ 1988 * 07 ' 1 , t , irjos, 


C-ia^i I iNaOII « 3C lfl n w , ( OONa 1 ( 11 

{sodium paltnu tie I 


CTL tllf 


oir 


PflIni hill 


C« #0 ip) 
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Hmd soaps ate sodium salts containing a piepondeiance of ho. 
acids, soft soapSy on the othci hand, aie potassium salts with a hig 
piopoiUon of oleate These soaps diffei m solubility, and whoi**--'' 
potassium soaps aie tieatcd with excess of bunc they aie conveited 
into the less soluble sodium soaps ("salting out” piocess) 

C 16 II B i COOK + NaCl = C 10 II 81 COONa + KCl 

Potassium palwutato Sodium palmititc 

(soft soap) (h ird soap) 

The following 1 piocecliue is adopted in the manufactuie of cmd soap from tallow 

The fat is first placed in a laige cyhnducal vessel and a dilute solution of 
caustic soda (“lye” of about 15° Bd ) introduced, amounting to about one quarter of 
the theoiclical quantity Steam is blown in and the mixtuie vigoiously boded 
An emulsion is first formed, and as the alkali entcis into reaction, additional 
amounts aie um m slowly till finally an excess is piesent rnd the mass appeals 
clear The soap is thiown out of solution by the addition of salt and allowed to 
settle, after which the lowei layci of liquid (sweet lye), containing the glycerol, 
is 11m off ftom below The soap is then agam boded with water and alkali to 
complete the saponification 

The lye is once moie mn off and the soap boiled up with the requisite amount of 
water (hydration) and again allowed to settle A daik colotued lye containing 
metallic soaps, chiefly of iron, separates out at this stage The solid soap is Anally 
lemoved, cut up and dried 

Sodium and potassium soaps dissolve m a small amount of water 
to give a cleai solution, but in the piesence of much watei hydrolytic 
dissociation of the salt takes place with the faimalion of fiee acid and 
alkali Accoiding to conditions the fiee acid may lemain suspended 
in the liquid in the foim of oily di ops, 01 be pi capitated in combination 
with the soap as a spanngly soluble acid salt On the hbciation of 
fiee alkali depends the cleansing action of soap At this dilution the 
alkali loosens gicase and dnt without attacking the skin 01 the matcnal 
which is being cleaned At the same lime the piecipitatcd salts 
envelop the pai tides of detached fat and dnt and pi event them fiom 
being again deposited on the fibi es 

In addition to the water-soluble soaps of sodium and potassium, 
the leim soap also includes insoluble and spanngly soluble salts of 
fatty acids, such as those of calcium, lead (lead plastei), <sinc, aluminium, 
tin and otheis, many of which aie used mdustnally 

Calcium soaps aie so spanngly soluble that they aie deposited on 
mixing sochum 01 potassium soaps with solutions of calcium salts 

aC 16 II 81 . COOK + CaCl a - (CVInCOO^Ca + aKCl 

Potissmm palmilntc Calcium palmitnte 

Foi this 1 cason watei containing lime salts gives no lather with 
soap, the lime soap sepaiatmg out as a white flocculcnt piecipitale 
Such watei is called “haid ” and is difficult to use foi washing puiposes 

Lead plaster contains lead soaps and is usually obtained by healing 
soft fats (laid or oil) 01 oleic acid with hthaige, till the pioduct Is easily 
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moulded by the waimth of the hand but solidifies on cooling Lhc 
plaster still contains all the hbuatcd glycciol and some unchanged f.it 
Soaps 0/ lead and Mangant.se aie also utilised in the picpaialion of 
vai mshes 

Among the still lughet acids of this senes aie atac/m acid, C 10 1I JO COOI1 (picsc nt 
as the glyceride in earth-nut oil), helium, aud, C n U w GOOH , hqiwuu t and, 
C 23 HflCOOII (in earth nut oil and wood tai), ctroiu aud, C, 6 II n COC)Ii (is estci 
in beeswax) , mehssic aud, C^I-I^COOH (in cainauba wax and becsw ix) 


Bhosphatides—Closely 1 elated to the fats is a class of complex 
substances known as phosphatidcs (lipoids) which is of gic.il 
physiological impoitance These compounds aie glycerides m which 
the oigamc acid lesiclucs (in eithci the a- 01 /3-positions in the glyteiol 
molecule) are partially icplaced by gtoups containing phosphonc aci<l 
and a base such as choline (p 239) 01 hydioxy-ethylamine (p 238) 
Phosphatides occur widely disti lbitled in the animal and vegc table 
kingdoms, eg, in yolk of egg, biain and seeds High constitution is 
deduced fiom their behaviotti on hydrolysis with dilute acids 01 alkalis 
One of the best known rcpiesentativcs is looithin (apparently a 
mixture of closely lelated pioducts) which decomposes into choline 
and disteatyl-glyurol-phosphoi tc acid (I) On fuithu hydiolysts the 
latter yields two molecules of steanc acid, one molecule, of phosphonc 
acid and glycerol lecithin (II) is theicfoic considcud to be tin 
choline ester of I Vanous a-lecithms ate known diffcimg fiom the 
above in the partial 01 complete replacement of the sle.uie gimtps by 


I CH a —O COC w II B5 
(^)CH—O COC lv XI 8B 
(a) CHj—0P0(0 II) s 


II CII 2 —0 COC n II 36 
CII—O COC w II 8f) 

cii 3 —opo(oii)o cii, ( u, N(rir a ) (t on 


palmitLc, oleic 01 similar acid tesiducs $-IjCUthuis contain the 
phosphonc complex in the / 3 -posiLion Lecithins ate voiy hygioscojuc, 
unstable m an, and dissolve icachly in alcohol and ethei 

KephalJn, which commonly accompanies lecithin in the u ucle slate, 
is a phosphatide deuved from hydtoxy-elhylaminc instead of choline 
II is sepaiated fiom lecithin by means of Us low solubility 111 alcohol 


II —UNSATURATED MONOBASIC ACIDS 
1 Oleto Aoia Series, O^^^^OOH 

The best known member of the class is oleic acid, fiom which the* 

senes takes its name These acids may be icgarded as denvalives of 

the olefines C„H 2ii and stand in the same relationship to the fatly acids 
as the olefines to the paraffins 

They may be obtained by methods analogous to those given fm the 
fatty acids, also by the geneial methods available foi the picpamtion 



OLEIC ACID SERIES 


193 


of u n *3 aiui ale cl compounds, eg by the lemoval of hychogen halide fi om 
monohalogen substitution pioducts of fatty acids (I), oi of watei fiom 
the conesponding monohydioxy acids (II) 

I CIIjjCl CII, COOII —CII 2 Oil COOII 

Ghloro propionic icid Acrylic acid 

II CII, CIIOII CH g COOII-> CH S CII CH COOII 

Ilydioxy-butync acid Crolomc -icid 

In chemical and physical piopeities these compounds stiongly 
icsemblc the fatty acids, but they chffet fiom them in ccitain points, 
patticulaily in then addition reactions They combine with chloiine, 
bi online and iodine to fonn dihalogen deuvatives, and with hydiogen 
halides to give monohalogen derivatives of the fatty acids In the 
lattei case halogen usually attaches itself to the caibon atom fuithei 
away fiom the caiboxyl gioup 

CII a CII COOII+ 2 C 1 = CII 2 CI CIIC 1 COOII 

Acrylic ncid Dichlcropropionic icid 

Un saluiatcd acids maybe conveiled into the coi 1 espondmg saluiated 
compounds by catalytic lcducLion Thus when oleic acid is Heated 
with liydiogen at oidinaiy lempcialuies in the ptcscnce of colloidal 
palladium it yields stealic acid Mixluies of glycendcs of saluiated 
and unsalmatcd aliphatic acids, such as are present in animal and 
vegetable fats, may also be Heated in the same mannei 1 Castoi oil, 
olive oil and cod-hvci oil, which aie lich in unsatuiatcd glycendcs, can 
be piactically completely 1 educed by this piocess and theieby lians- 
foiincd into a ciysldllmc, tallow-lilce mass of high melting-point It 
is a inattei of technical impot lance that othci and chcapei cataLysts, 
such as finely divided mclcel, may be used in place of palladium for 
this pm pose, and also that puie hydiogen may be leplaccd by the 
gaseous mixluies of hydiogen obtained as mdusLiial by-pioducts 
Undci such tieatment oils and soft fats genet ally yield a haidci 
pioducl which possesses many advantages, including a moie pleasant 
taste and impiovcd keeping qualities as compaied with the stalling 
matcual F01 this 1 cason the technical hat denuig of fats is of gieat 
piactical impoitancc, 2 eg in the mmiufactute of maigannc 

Unsatuiatcd acids unite with o/onelo fotm unstable o^omdes The 
ozonide of isociotomc acid is a yellow, cxliemcly explosive syiup, 
which decomposes eneigctically with watei It evolves oxygen on 
standing and lcgcneialcs the otigmal acid 

Anothei chaiacteiistic of unsatuiatcd acids is the case with which 
they uncleigo oxidation (cf p 112) With mild oxidising agents the 
fiist step is the addition of two hydtoxyl gioups to yield a diliydioxy 

1 Pail and Roil\ t Bn , 1908! 2282 , 190^ 43j 1541 fl Sc< Ciossley, The Phtumactulkal 

Join ml and Phai mactsti 191^03,637, 676 C Fills,/ & € f t 1912,81, T Sbmv* ibu? ^ 

1914, 33, 771 
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Iso or allocrotomc actd (mp 15% b p 169°) may be piepaied by 1 educing cliioro 
isocrotonic acid with sodium amalgam and is very simiiu lo the oidmaiy acid in 
propeities On vigoious reduction it also yields noimal butyric acid It is readily 
tiansfoimed into the isomeiic actd, the change taking place to some extent meiely 
on distillation A mote complete tiansfoimation may be effected by heating at 170° 
to 180 0 in a sealed tube, 01 by the combined action of sunlight and tiaces of biomine 
on a solution of the acid in watei or caibon disulphide Many similar examples of 
steieoisomeiic change are met with m 01 game chemistry 

Ozone leads with an aqueous solution of isociotonic acid, bieakmg 
up the molecule and foimmg acetaldehyde and glyoxahc acid Fiom 
this leaction the constitution of the acid may be deduced 

ch 8 CII CII COOII 1 0 8 hll 2 0 - ch 8 ciio+o cii cooii+ii 3 o 3 

Glyox'ilic noul 

Moth aoiylio acid, 2 methyl 2 fitofiem 1 aud (m p 15°, b p 160 5°), occuis in oil of 
Roman camomile, Anthemis nohihs , and is fonned fiom bromo isobutync acid by 
elimination 0/ IIBr 

CIJ3V GIJ^ 

>CBi COOII ^ ^>Ci GOOII [ IIBi 
Oil/ CII/ 

On 1 eduction meth-acryhc acid yields isobutyric aud It combines with bromine 
to give ai 3 dibromo isobutync actd, thus confinning the above constitutional formula 

Vinyl acetic aoid (bp 71 0 at 13 mm) has been obtained synthetically When 
boiled with caustic soda it is conveitedinto oidmary ciotomc acid and p hydroxy 
butyric acid 

Oleic aoid, CII 3 (CII 2 ) 7 CII CH (CIL) r COOH, is found as the 
glycciyl cstci, triolein, especially In the fatty oils (such as almond oil ot 
olive oil), fiom which it is obtained as a by-pioducl aftei hydiolysis m 
the manufactuie of steal ic acid (sec p 190) By taking advantage of 
the solubility of the lead salt m ctliei it may be scpaiatcd fiom steal ic 
and palmitic acids At oidinaiy tempeiatuies it is a colouilcss, almost 
odouiless and lasLcless liquid At 4 0 it solidifies to a mass of colomlcss 
needles, which melt again when the tempeiatiuc is laised to 14 0 In 
contact with an, liowcvei, it lapidly becomes yellow owing to oxidation, 
and acquncs a soui, lancid smell Oleic acid gives steal ic acid on 
1 eduction and dibiomosteanc acid on tiealmcnt with btominc, hence 
like steal ic acid it contains a noimal stiaight chain of caibon atoms 
Fuilhci, the double bond must be situated in the middle of the 
molecule, since caicful oxidation leads to the foimation of a mixluie of 
pelaigonic acid, C a II 1T COOII, and asselaic acid, IIOOC(CII 2 ) r COOII 
Nitious acid conveits oleic acid into a solid compound, elaidio aoid, 
mp S T ° rhis possesses the same stmctuie as oleic acid, with which it 
is slcreoisomeiic The lclationship between oleic and claidic acids is 
thus simiiai Lo that existing between the two ciotomc acids Oleic acid 
is the cis- and claidic acid the tian ?-foim 1 

Bioof of the steicoisomcusm of oleic and claidic acids is based 

1 J BoEsokon iiui A II Belinfante, Hie txiv chwi, igzC, 46, 91) C Pail and II 
Schicdcwil/, flu , 1927, 00, iaai 
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on the observation that the chbiomidts of both the st a( ids c an be 
con vet ted into the same stein oltc field\ ^ ^ 1^*)/ OOII 

Additional continuation is found m the manm i in whuh tlu o/omdes 
of the two acids aie decomposed by watu 1 

CII3 <CII>) 7 GII-CIE (UI), t() 3 IJ I II/) . 

Oq 

O/omtle of oleic or d tube iucI 

cn 6 (cn 2 ), cir o 1 0 cn (cu,), (oon 1 iw>, 

Nonyl aldehyde UnlT aldehyde of i/lI dc ucid 

In the ptcsence of an the half aldehyde of a/tlau at it I is lapidly 

oxidised to a/claic acid 

Oleic acid is used in the manufacLuu of soap 

Petroseiio acid, CII 8 (( II,) 10 CII ( II (( If ) 4 ( OOII, nip 33° 
lo 34°, is obtained by the liycbolysis of a fat isolatul fioin ml of paisley 
seeds 2 With small amounts of mlious aud tl yitlds a st< itoisonuuc 
acid melting at $4° 

Olutaoonlo ftold, IIOOC Ctl; CII CII t OOII, exhibits an nueitslinK lypo of 
i3omeusm (sec p 66) 

Among acids conltimmg two double bonds in the moletuli tlu moil import'uil 
are Iinoleic and soibic acids 

Iilnotole aoia, CII 0 (CII^ UI CII UI B Ul Ul (( II,)/ |> p 221 f 

under 16 mm piessurcj occms as the glyccudc m linseul oil, lump ml, poppy sue! 
oil, and other drying oils On reduction with hyduodu at id and pho iphunis it yields 
stoanc acid In air it rapidly absorbs oxygen to foim 11 haul it smmi i pi mbit l 

Boa hie aoitl, Cl Ig CII CII < II C II COOH, m p 131 6 , 11 found m tlu umipc 
berries of the mountain ash It miy be pieparcd synlhilually b> wanning union 
aldehyde with malomc aud m the pu hem e of pyi itlmc as (omit n ngt ul 

entail cu cue i u 4 C(Cooii)j cn n on ui <n (>n < oon 11 o tt i tr tt n 

OjoIuuIg nldoltyrto Mnlonlo iwld Korliln m tit 

Geianlo aold, (CII 3 ) 3 C CII C 11 ^ t IF 4 ((( II j) t II ( OOU, may In obtained 
by the oxidation of citial (p 178) 

3 * Acids containing an Acotylono Bond Proplolio Aold Sorlos, 

OuHvn.B OOOH 

These acids may be consideiocl to be cUuvativos of the ,u< (yluic 
hydiocaibons, and aic founed fioin tiuds of the oleu seuts in tlu same 
mannei as the acetylenes aic founed fioin tlu olefints, n |>y the 
addition of halogen and subsequent icmovul of 2 tools of hydiogen 
halide 

cix 8 cn cir coon->ciT 3 ami curb coon ti, (' r cxkiii 

Crotomoacid Dibroniobnlyrtr (u Id Irtrnlii acid 

1 Harries mul Ihicine, Ann , 1:905, 848 , %U 3 Vongcrlchtcn mid kuhltr, hit , 1909, 

163 a 
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They aie also ptoduced by the action of carbon dioxide on sodium 
denvatives of the acetylene liydtocaibons 

CII CNa hCO a - CII C COONa 

Like the acetylene hychocaibons, these acids possess additive 
pi opcitics, and yield explosive compounds with ammomacal solutions 
of sxlvci and coppei 

Propiolto aot ^foofiargyhc acid\ piopme acid, CH=C COOII (m p 9*, b p 1441°), 
corresponds to prop'llgyl alcohol It has a smell tesemblmg that of acetic acid and 
polymerises in sunlight to foim a benzene derivative, itimesic acid } C 9 ll3(CG0H) 3 
On reduction, piopiohc acid is converted into propionic acid 

Among othei acids may be mentioned tetiohc actd } Ctl 9 C~G COOII, 
m p 203°, and ochntc acid > CII 3 (CH2)iC:EE:C COOII The methyl estei of the lattei 
is employed as an artificial violet perfume 


XI 

Denvatives of Monocaiboxylic Acids 

I—DERIVATIVES FORMED BY SUBSTITUTION" IN THE 

CARBOXYL CROUP 

1 Esters 

Methods of F01 mation •—-In piopeities and methods of foimalion the 
estei s of monocaiboxylic acids lesemble the estei s of the mineial 
acids (see p 146) 

Thus they may be picpaied by the dncct intciaction of acid and 
alcohol, a tevcisible icaction which pioceeds towaids equtlibuum 
(P 147 ) 

cii b coon 1 c a ii 6 on cu 8 cooc 3 n fi i- n 2 o 

In the pi cpaiation of the estei by this method the backwaid hydrolytic 
action of the watei is ieduced to a minimum by the addition of 
sulphuiic acid 01 gaseous hydiochtonc acid 1 

Sabatiei and Mailhe have leccntly succeeded 111 piepaung cstets 
catalytically by the dncct action of acids on alcohols in the piesence of 
metallic oxides 3 At 280° to 300° the cstciification pioceeds quickly and 
smoothly, piovidcd the catalyst bungs about no maiked decomposition 
of the acid When, foi example, equimolcculm amounts of a pnniaty 
alcohol and an aliphatic acid aie passed, 111 the fonn of vapour, 
ovei titanium oxide at 280° to 290°, a consideiable amount of ester 
is piod need 

Othei methods of piepaung cstcis have aheady been mentioned on 

1 K I ischcr, Bn , 1895, 28 , 3252 Inoigame dehydiatnig sulti may also be ttsed for 
cslcnficnitan 9 bulntiei mid Mmlhc, C , 1911, X, 1196 

N 2 
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pp i2i and 147, and only the com spending equation Ini tin limitation 
of ethyl acetate need be given hue 

CII 8 COOAg t-C 3 IJ 0 I - Ul, (DO( ,U ( , I Aj'l 

Silver ncctitc I 

cn a co a j*c 2 ii*oir - ui tt ( o<>< ,u ri \ n< 1 

Acetyl cltloiUclc 

CII CO 

>0 tGJLOii - (1 r, ((Hu ii ( , 1 t 11 ,< non 

cn a co s 

Acetic anhydride 


Methyl cslcts of catboxylic acids am also ohlnintd In tin* ,u Imn nf 
dimethyl sulphate on the alkali salts of thcs< and, 1 llu Haitian lala < 
place accoiding to the following equation, a .all ol tut thy I ailjihinit 

R COOK I (CII^SO, - R ( ()()< ll„ | ( ll.KSO, 

acid also being foimed Bcttci yields appeal In In givm In llu <m of 
salts m the solid state than m solution, it t. aim putii.ilili in u ,< 
potassium lathci than sodium compounds 

Ptopctlies —'ihc estcis of lowu inolu ulat w itglu an mlouih*.. 
liquids with a pleasant fiuity odom Many nl tlum un* tluulmc 
prepaied on a laigc scale in lndustiy foi usi as aitilmal hint omiim 
T hey aie gcncially insoluble in watci, but snlublo in almlml atul eilm 
The boiling-point of an cstei with a siniplt alkyl gnmp (( 11 (l ( ,U fti 
C 8 JI y ) is lowci than that of the cmicspniulmg tunl, but with tin* 
entrance of laigci alkyl gioups the position is h vii ad 

When estcis arc supeiheated with wain, 01 limitd with alkali* m 
mineral acids, they aie decomposed into the imiqmmut anils and 
alcohols (see saponification and hydioiysi r, p \i\/) 


\ i 


WUUUg I JTjW "“fl I - 1 - - .r,, 

CII 8 COOC 3 II b h ICOII . ( ]{„ tools | t ,11 011 

Owing to the ease with which llu alkn\y giniip, OR, <an he 
ieplacecl by olhci gioups, estcis aie veiy lenctiu t oui|tnuiiil* I Ini * 
on liealment with ammonia they aie umveitcd mtn and ainidts, and 
with pho&phoius pentachloiide into acid chloiuli s (*a t |>< low) 

When an ethyl c&lci is wanned with methyl uUnhul and a cattily.it 

CIIgONa oi IIC 1 ) a lovcisible change net ms ami tin < nuesnondiiie 

methyl ester is foimed Olhoi estcis and alcohol i lahavi m the saute 
manner T. his is known ctlooUoly^lci 

For reactions of esters with oigano-mngnesmm Imlides, ,u- p \ pi 

hthyl fonnateM CO OC^.bp S S°,ouHcdh», llavnui mg a. Ul.dnl 
luin or airak ( 

Ethyl orthofo,mate, Cn(OC 8 II e ) 8 , bp M o“, .s o|,iam,d when 
chlorofoim is heated with sodium ethoxide in almholu solution, 

CIICI 8 + 3 Na OCjjltj . C H(0( jH,), i ,Na( I 
mid is u cqucnlty used foi synthetic putposts 

1 Btr , i()0|, B 7 i $658,4036, 414,, Gr«l«, .h ,>,, iy., Sl (u 0 , 3,, 
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Ethyl acetate , acetic ester , Cl I, CO OC g H 6 , bp 78°, is manufactuied 
m laige quantities fiom alcohol, sulphuuc acid, and acetic acid or 
sodium acetate It is used in the piepaiation of fiuiL essences and as 
a solvent in the manufacture of smokeless powder On account of its 
icfreshing pet fume it is also employed m medicine 

lsoamyl acetate , amyl acetate , CH a CO OC 6 II u , bp 138°, is used as 
aitificial pear essence, and also as fuel in the Hefner standaid lamp 
Ethyl butyrate is used as pineapple essence 

Ethyl isovaler ate and iso muyl isovaler ate aie employed as apple 
flavoui ings 

It has alieady been explained on p 189 et seq , that fats and waxes 
are foi the most pail esters of highei fatty acids 


2 Acid Ohloi idles 


Acid chloiides are compounds foimed by icplacing the hydioxyl of 
an acid with chlonnc, and thciefoic contain the gioup —CO Cl 

This change can be biought about by the same leactions as aie 
used for the leplacemcnt of the hydioxyl group m alcohols, see p 119 
Acid chloudes may be picpaied by the action of phosphoius Itichlonde 
or pentachloi lclc on the acid 01 its alkali salts In many cases it is 
moie satisfactoiy to use thionyl chlonclc, when the only by-pioducts aie 
sulphur dioxide and hycliogen chlondc, both of which ai c gases 

CII 8 COOH-l PCl fi ~ CII 8 CO CH P0C1 8 H-IIC1 

Ace Ue rud Acetyl chloride 

R COOII 1 SOCI a = R COC1 l S0 2 f-I-ICl 


An excess of hydiogen biomidc 01 iodide tcacts with an acid 
chlonde to give an acid biomidc 01 iodide, eg 


/I 

r cr h in r ce-oii R 

N C1 ^C1 



+> IIC1 


Properties —The lowci acid chloudes aie colouiless liquids with a 
shaip, nutating smell Those of highei molcculai weight are colouiless 
ciystallme compounds They boil at a lowet tempeiatuic than the 
concsponding acids, and gcnctally without decomposition In an they 
fume strongly, mtciacUng with moistmc to foim the cot responding 
caiboxyhc acid and hydtochlonc acid 

cn 8 co ci )-li: 2 o - cn B co on i iici 

With alcohols and phenols they intei act with the pioduclion of estcis 

CU 8 CO Cl 1 tl OC a II D = CIIj CO OC a II r ,H-IICl 

Foi this leason acid chloudes, and especially acetyl chloride and 
betuoyl chlonde, aie ficqucntly used foi detecting the presence of hydroxyl 
groups in 01 game compounds 
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They also very readily interact with ammonia and pntnaiy and 
secondary amines (see p 162) 

For their behaviour towards zinc alkyls and magnesium alkyl 
halides, see pp 134, 168 

Acetyl chloride, C H g CO Cl, bp 55°, is picpaicd by the action of 
phosphorus trichloride on acetic acid It is a colouiloss mobile liquid 
of pungent smell 

Acetyl nitrate , CH S CO O NO Sl may be obtained by llu action of 
nitric anhydride on acetic anhydude It has been found to be a vuy 
energetic agent for the nitration of aromatic compounds 1 


3 Acid Anhydrides 

These are prepaied by the action of acid chlorides on the alkali 
salts of the acids 

CII CO 

CH, CO Cl + CII. CO ONa - >0 \ NaC’l 

cn 8 cck 

Acetic nnhyitihic 

Acid anhydrides are liquid or solid compounds of ncuiial inaction, 
which boil at a higher tcmpeiatuie than the coitesponthng acids 
They possess an unpleasant, pungent smell, and dissolve unchanged m 
indifferent organic solvents 

In their chemical behaviour towards watci, alcohols, phenols and 
bases, the acid anhydndes lesemblc acid chloudcs, except that they 
react far less energetically 

Acetic anhydude , (CH, CO) a O, is a colom less liquid, b p 137 0 It 19 
heavier than water and has a smell similar to that of acetic a< id Like 
acetyl chloride it is a reagent of great value foi iniiocluung acetyl 
groups into alcohols, phenols, and pnmaiy and secondaiy amines 


4 Thio adds, R 00 , SH 

Thio acids correspond to the thio alcohols 01 mcrcuptnns (sec p, i$r), nn<l me 

obtained by the action of phosphorus pcntasulphidc on acids, or by double 

decomposition between acid chloudcs and potassium lmlroaulphidc ihev nre 
liquids of nauseous odour 7 


sen, coon 1 P„s { ^ sen, co &n 1 t\o 
ch, co ci 1 ksu = cii, co sii 1 kci 

Thio ftctitlo aoltl 


be.o“ th f iC aC \ d ' ^ , C0 SII > 18 a coieurless liquid boiling 

the acetylation of amines ^ aCld “ hy ' ° 8 * n Suiplml °' 1,1 ^ be ^ 






3 Z d ' ‘ re bT ““ ° r c " ,b ™ . .... 

R Mg Br+CSjj R CS,S MgBi —~>- R CS,S1I 
1 A Pictet and Khotinsky, Btr , 1907, 40 , 1163 • Pawlowski, lh> , 1903, 80 , 1«, 
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riiey contain thr diiractcustic {'louping' — C( S) SJF, wlisilt .ippcws to posse*'?*! 
more pionouncccl itidit psopcities than the ui bosyl gioup I lie acid's ,ue 
exceedingly unstiblc mil no easily oxidised in m 


6 Aoicl Amides 

It has alicady been seen (p 158) that the hydiogen of ammonia can 
be leplaccd by alkyl gtoups to foim amines In «i sinnlai mannci the 
hydlogon may also be exchanged foi acid ladicals, when />nwa/y } 
secondary and tntiaiy aetd amides ate ptoduccd 




Acct inside (pinmry) 


CIL CO x 

>NII (Cl I, CO)„N 

CII 8 CCX 

Dinccltimulc («<-con duty) linn clumidc (tcrlimy) 


If hydiogen is substituted paitly by an alkyl ginup and paillyby 
an acid tadical, the pioduct is Lemuel an alkylated add uintdt, t q 

cii 8 co nii cjij cir„ co N<t'it tl )j 

Accl clhyl inside A( tl-diniuliylnniitle. 


By fnt the mosl impoitant of these compounds aie the pnmiuy aud 
amides, commonly known as acid amides 

Dcnvalivts of the above types aie uadily fen mod by the action of 
ammonia 01 amines on acid chlondos, anhydmlos 01 esleis 

cti 8 co ci 1 riNiio - ('ir„ co niIj i net 

(CI[„ CO) a O l allNIL, .* aCIl B CO NIIj \ IT,0 

cir, co 0Cjii B 1 iiNiijj *-* nr, co nii,i c t if 4 on 

They aie gcnctally piepaied fiom the .uid chlmjde and ammonia, 
but wlieic this icaclion docs not piocct'd in the dished diucUcm, an 
estci is used in place of the acid chlot ido In tl«* lallei Ctise the action 
piobably lakes place m two stages, an uddiUon compound being fust 
pioduccd, which then decomposes with elimination of alcohol 


$0 

O O 

"%r 

1 NI b 

*—™ > R C< ** 

R, C 0 1 ic on 

I xm 

mh 


Nil, 

I* ■itei 

ITy[>ot1ictiuiI 
intoiniedkto pi o<3 net 

AckI imiidis Alcohol 


In piaclicc the icaclion is best cm tied out by shaking the csloi 
with conccntiatcd aqueous ammonia in a closed vissol Methyl istcis 
aie moie completely and lapidiy convcitccl into amides than thou 
high ci homologucs 1 

The anndc of an acid can often bo piepaied by distilling the diy 
ammonium salt, 01 moie salisfaclonly by heating it mulct ptessuie ibi 
about five hours at 220° to 230° 8 

CII 8 COONIIj » CII„ CO NiIj I H a O 

1 Ilisns Meyen Afonats , 1906, 27 , 31 * II Decker, Ann, 1913, 805 , 282 
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Finally, acid amides can also be obtained fiom nitiiles (tyanidt i ), 
which take up the elements of watci when tiuitul with modi i all ly 
strong sulphunc acid 

CII S CNH H a O - CII„ CO NIT, 

Metlijl cyimde Acctaniuic 

Properties —With the exception of the fluid foimninidt s, anndt s ,u< 
colourless crystalline compounds, those of lowci mohiutni w tight 
being easily soluble in water Then boiling-points lie consult lably 
highei than those of the coi responding acids 

In connection with then chemical bchaviom it should be noUd 
that acid amides diffei from amines in possessing vuy littli basit 
charactei While, theiefoie, the basic piopulies of ammonia .11 l 
retained aftei the entrance of an alkyl gioiip, they «ue vciy stiongly 
diminished by the intioduction of an acid ladical Salts sut h as 
CH s CO NHjjIICl, formed by the combination of an amide with an 
acid, are known, but they aie very unstable and decompose into then 
original components on tieatment with watci On tin oIIum hand 
amides aie also weakly acidic in chataclei, one of the two hydiogi n 
atoms of the amido gioup being leplaceablc by metals Men my salts 

of this type aie leadily formed by boiling an aqueous solution o( an 
amide with meicunc oxide 


zCH s CO NIL + HgO = (Gita CO Nil)Jig 1 II (> 

A fuithei difieience between acid amides and aimm s is that 111 
the former the bond between ciubon and mtiogui is easily dismpud 
On boiling with water, 01 moie rnpidly on luatmg with alkalis, llu 
amides aie hydiolysed to the acid and ammonia 


ch 3 co nii 2 +h 2 o = cix, coon i nii, 

Nitious acid conveiIs pnmaiy acid amides into the < mu spnndme 
acids, with evolution of mliogcn Ihis icaction Is m all it sot its 
analogous to the foimalion of alcohols fiom pnmaiy amines (p it.i) 

ch 8 co nii 2 +o n oii « cn„ co on i Nj i n o 

Undei the influence of dchydialing agents sucli <is amides 

aie tiansfoimecl into nitnlcs, “ 








r 1 

Acotomti ilc. 


The convei sion of acid amides into amines h 
desenbed on p 160 

With iegaid to the constitution of the amides. I 
heoi etically possible, of which foumila I is genei 
preference to the iminohydun stiuctmc of foimula 11 


I R-<° 

X NH, 


II 


() 

R 


aliCtidy b( k ui 

fnnmil.r me 
ticcoplul in 
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Although ccitain inetalltc dcnvnlives of the amides, 1 such is the 
silvci salts, appuu to be ielated to fotmulu II, no icactions me known 
which point with .my dcgtcc of ptobabihty to this foimula lopicscntmg 
the constitution of the fiee amide On the conttaiy, modem tese.uch 
has all tended to confnm foimula I 2 

In the case of alkylated amides, nuincious and stable lepicsentativcs 
concspotiding to both types have been isolated Ihcse denvutivcs 
aie theiefoie stiuctmally isonicnc 



X N1IR' 

Alkyhtoil nail inode 


R—C 


,OR' 

^NH 


I mine other 


lhe names of the acid amides, aceoulmg to the Geneva nomen- 
clatuic, <uc obtained fiom those of the hydioeaibons fioin which they 
aie denved by the addition of the lei munition “amide” 

I*ofwamide i methanaimde , is a liquid which is icndily soluble in 
wdlci and alcohol With mucunc omcU it yields a soluble salt, 
(IICO NII) a IIg, and on ticatmcnt with phosplioms pLnloxicIc it 
gives hydiogen cyanide 

AtcMttndc , ethanamidc, CII 8 CO foims long needles, nip 82° 

and bp 323 °, 11adily soluble m walei and alcohol It is most simply 
ptepated l)y the action of ammonia on ethyl acetate 8 


7 Amido olilorides and Imido-ohlox*ldo 0 

Amido chlotides me pioduccd liy the action oi pliosphotus pcut.ichloudc' on 
acid ninidcs — 

UI, CO Nil,, I PC ]„ - Cilia CUj Nil,, | l'00]„ 

Unless the hydiogen of the amido gioup is substituted by alkyl ladicals, those 
compounds me vciy unstable, a molecule of hydiogen clilonde hist splitting oil 
to give the tnoic stable imido chlondcs, winch finally yield niuiics 

- HOI -1101 

Ul, l,U a Nllj ~ -> Ulj CC1 Nil —> tills t) N 

AmtiUj tililuriilo Imhlu obloildo Nttillii 

8 Xmino"others and Amidinos 

As has alictuty been mentioned, the nnino ethcis flto slmclmally isomciic with 
tlio alkylated acid amides Ihey «uo obtained m the form of liydiocldondcs 
when cuofully clued hydiochlonc acid gas is led mlo a solution of a nitrile 
dissolved in the icmimd alcohol 

CFJ,CN 1 CjI^OII \ IIU « cn M cr 

X)C U II„ 

Aflnltmtlrihl Acotlmtm) t>lhnr byihuuliluriflo 

Most of these salt** aysUlhso well f but aie decomposed by watci to loan 
ammonium chlondc and an e*iter Xho Ace nnino othets aio Uboiatcd fiom the 
salts by Ucatmcnt with alkali They aio basic liquids of peculiai smell, which 

1 Ptifcl and hnoch, Iht , 18901 28 , 103 W Wishceniu, Ann , 813 , $3 n bee II (r Riilt, 
f C iS * 1918,118, 3* a Phelps, A tun Joutn Uuncty Silllmmi, [4], 1907, 84 , 439 
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are very sparingly soluble m water Their properties difici consulctably fiom 
those of the isomeric substituted amides If the hydiochlondc of m inimo ether 
is treated with ammonia, an ainidinc salt is formed 

aNH , IIC 1 ^.NIIJIU 

CH 3 C f t-NII 3 = CII, C< I Cjtl, Oil 

X OC a H s X NII a 

Acotntnldhio liydroolilorldu 

The amidmes are strong monacid bases, which ate unstable in the fiee slate, 
decomposing rapidly into ammonia and a ntliilc or acid amide 1 ho free 
compounds are only stable when the hydiogen attached to tlu nitiogcn atoms 
is partially 01 completely icpKced by alkyl groups 


9 Acid Hydrazides and Acid Azitlos 

These substances have been investigated tnoie paitiuikuly by Ctnluia amt his 
co workers 

The introduction of acid radicals into hydiarme icsiilts m the foimitinn of 
monoacyl or prmniy hydia?ides > R CO Nil Nil*, and tyw dncyl m sctnmlury 
hydras ides, R CO Nil Nil CO R 

Primary hydiazides aie obtained by the action of hydi i/mc hydialc oil taleis, 
secondary sym liydrandes being also formed is a by pioduit 1 I he foimiM ire 
of a somewhat strongei basic chaixctei than *acid imictc? and give \w II defined 
salts They aie easily hydiolysed, and most of them icdtuc mninommal sitvci 
mtiate m the cold Fehlmg’s solution is only icchiccd on wattiling 

Acid azides are produced by the action of mtums acid on pnm uy hydia/idcs — 

R CO Nil NIT a i IIO NO = R CO N<^f | all/) 

Af id nzlilo 


They may be consideied as acyl dauvatives of hydr.i/oic and, N .,11 In then 
behavioui they resemble the corresponding acyl dcnvativos of liydux hloru and, 
t e , the acid chlorides, although in some iaspects, as in their explosive propntics, 
they show marked diffcienccs 

An interesting point in connection with the azides is that they oflei a means 
of replacing the cirboxyl gioup of an acid with the ammo gtoup, or m othi'i words 
of passing from 'll! acid to an annuo containing one carbon atom less 3 Hie 
procedure is indicated in the following scheme 

r coon - y r cooc 0 ii e - r co niinii# >■ 

Aoid Kslor Hydrarltln 

R CONj-->■ R NIT COOCjHd--> R NIL 

A*Mo Trmlmont Urollmno limit™! Alllllin 

with alcohol with nltmlla 


If, however, the carboxyl gioup of the acid is united diioclly to a buomlnry 
carbinol group, it is possible to cany the reaction a st ige fiuthci to form an 
aldehyde containing one caibon atom less than the oiigmnl acid 1 


R R 

CH(OH)--> CII (OH) 

COOII CO n 3 

A old Aztdo 


R 

GH(OII) 

nii co fl c fl n 

Urottmno 


R 

-> CIICOII) 

NHa 

Atnimi 


R 

->- CII O i Nil, 


Alrtiiliyda 


1 For additional methods of propmtion, sec Autenrielh md bpless, Jin 
Curt.., 5 , Btr , 1894 , *1, 779 / fit U (a), 1894, eo, ag, Btt , 

Curtuiii, J p> Cl! , igo,). (2), * 70 , ?o tt siq Bet , 1906, 80 , 1389 


, tyoi, at, 187 

1896, SO, 1166 
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10 Aliplmtlo Nitriles or Alkyl Cyanides, BON 

Nitulcs aic fanned when acid amides aie healed with a dohydiating 
agent (I’gOp, P 0 S r ,, PCI r> ), 01 when alkyl iodides, biomides 01 chlotidcs 
ate healed with alcoholic potassium cyanide lhc foimei method 
gave use to the name of acid niliile, eq acctomliile, and the lattei to 
that of alkyl cyanide, e % methyl cyanide 

CII 8 I ^ KCN - CII i CN I Id 

/scetomtiilo 

oi methyl cy unde 

Nitulcs aic also pioduccd by the diy distillation of a mixlute of 
potassium alkyl sulphate and potassium cyanide 

OC,II 

S(>,< I KCN - C.H, CN 1 KAO, 

X 01C 

Propioiulnle 
or ethyl (ymiulc 

lhc nitnles ate colouilcss liquids oi ciyslallincsolids with a pccuhai 
and not unpleasant smell lhe lovvei membets aic miscible with water, 
but the solubility diminishes with met easing moleculai weight 

When waimeel with acids oi alkalis they take up tsvo molecules of 
walei to foim fatty acids of the samenumbei of cm bon atoms, a change 
geiieially known as hyd)olysis loom this it follows that the embon of 
the cyanogen gioup is dnectly united to a caibon atom of the alkyl 
ladieal 

CII,, CN l alt/) . CII,, COON1I, 

cir„ cooNJr, i icon cn a cook i nii„ i up 

Many leaclions of the nitulcs depend upon the case with which the 
tuple bond is conveilod into a double oi single bond Ihesc aic to be 
classed as addition i tail ions 

Nascent hythogen, foi example, unites with nitulcs to give pumaiy 
amines (si ( p tOo) J^oi othoi addition icactions compaic pp 108, 202 
and 203 

Ace ton U> ih\ mithyl cyanide, CII n C’N, is a pleasant, smelling liquid, 
bp 81 °, which is usually pi cpai ed by heating acetamide with phosphoi us 
penloxiile 

Nitio-automtnle , NO„ Cll a CN, is obtained by icmoving the 
cleint'nls of walci fiom metha/oic acid by means of thionyl chloude 1 
It is a yellow oil possessing a faint odoui 

isooyaniclGH or Oarhaminee, R NO 

Isocyamdcs 01 cailmmincs aie isomcnc with the nitulcs,fiom which 
they diffi 1 in having the mliogcn of the CN gioup linked dhcctly to 
the alky! ladicat Aicoiding to the eailiei woik of Nef, 2 the caibon 

1 W Stcmkopf nml I lJohrmunti, Iht , I9oB» il» io t \ ^ J Nef, Atm , 1892, 370, 267 
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of the isocyamde group is divalent as m R N = C Latci clclei mi nations 
of the paiachois of these compounds, hovvcvei, indicate that they 
contain a semi-polar double bond, leading to the sliuctuic 11 N~C 
(see p Si) 

They aie foimed togethet with nitnles by healing potassium 
cyanide with alkyl iodides or with alkali salts of alkyl sulphiutc acids, 
and constitute the main product of leaclion when an alkyl iodide is 
heated with cyanide of silver 

Isocyamdcs, fiee fi om admixed nitnles, may be obtained by wanning 
pnmary amines with chloiofoim and caustic potash (see p 123) 

In then ptoperties the catbamines differ stiongly fiom the nitnles 
They aie colouiless liquids of extiemely unpleasant odoui lowaids 
alkalis they aie compaiatively stable, but on tiealment with acids they 
decompose into a pinnaiy amine and foimic acid Fiom this leaclion 
it follows that the alkyl gioup is chiectly attached to ntliogcn 

CII a NC-l 2 II 3 O = CII, NII g l-IT COOII 

They yield unstable addition products with halogens and with 
hydiochlonc acid, eg , 2CH S NC,3lICl, and at high tcmpeialiues 
show a stiong tendency to change into the isomeue nitnles 


II 


DERIVATIVES OP MONO CARBOXYLIC AOIDS FORMED BY 
SUBSTITUTION IN THE HYDROCARBON RADICAL 


1 Halogen substituted AoidB 


Halogen substituted caiboxylic acids aie picpaicd in the same 
wny as the concsponding dcuvativcs of hycliocaibons 

Substitution by chloune 01 biominc takes place by the duect action 
of halogen on the acid, the degiee of substitution depending on the 
duialion of the icacUon and othei expctimenlal conditions 


CII, COOII+ CI„ - CIJjjCl COOII l IIC1 


The reaction piocceds slowly, but may be acccleialed in vaiious ways, 
among others by the addition of a "earner” Substitution by chloune 
01 bromine, foi example, is assisted by the addition of a small amount 
of iodine 

If chlorine 01 biomme is allowed to lead with a fatty acid in the 
presence of red phosphoius, the first step is the Ruination of an acid 
chloude ot biomide I he lallei then undeigocs substitution, which 
takes place moic readily than m the case of the fiee acid 

Ihominalion in the picscncc of ted phosphoius (Ilell-VolhaKl- 
Zchnsky method) is not only useful foi the piepaialion of subslilulion 
products, but it often gives valuable mfounation as to the constitution 
of the acid It is found that the halogen under those conditions 
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always leplaccs a hythogen atom attached to the «-caibon atom 
Piopionic and butync acids, foi example, yield tcspectivcly, 

CII, CIIBi COOII and CII fl CII 2 CIIBi COOII 

ct-Biomo-piopiomc acid a-Biomo butyiic arid 

If no hydiogen is available in the a-posilion, as is the case with 
tumcthyl-acctic acid, (CHJ a C COOII, then no substitution takes place 
at all undei these conditions of experiment This inaction, Ihcitfoio, 
piovidcs a means of establishing the piescncc 01 absence of «-hythogcn 
atoms in a caiboxyhc acid 

Halogen-substituted acids can also be ptepnied by the duett 
addition of halogen 01 hydiogen halide to unsalmated acids, and by 
the action of phosphoms halides on hyclioxy acids 

A convenient way of obtaining a-btomo acids of the. fatty senes 
is to btommale the coiiesponding monoalkyl-inalome acids, 1 R ( II 
(COOII) 2 Compounds of the gencial foimula R, Clh(t OOU) ? .iu 
thus obtained in almost quantitative yield When these aie healed 
they lose c.ubon dioxide and aie conveilcd into biominated acids 

of the type R CIIBi C’OOII 

Iochnc-substitutcd acids ate genci ally pi epai eel fiom the conespond- 
ing chlonnc oi biomine compounds by healing with potassium iodide' 

Clip COOII | KI Cll J COOII I KCl 

I soviet /sm ami Nomenclative —Monochloio acetic acid odists in one 
foim only, but the mono-halogen denvatives of piopionic arid and its 
highci homologucs may occui in lsomcne foims, aceotding to the 
position of the halogen in the c«ubon chain It is usual to unite ale 
the position of a substituent by labelling the cat bon atoms n, ft, y , <S, etc, 
stalling with the atom adjacent to the eaiboxyl gioup 

cn a ciihi coon ciijiJi ciij coon cir 3 ih cii, ciij.cooii 

u Biomo propionic ncid ft 13romo propionic acid y Bionio hi i lyric no Id 

Pioperttes — Ihe halogcnated fatly acids may be eithci liejuuls <11 
solids On the ouc hand they uncleigo the usual reactions of cai boxylic 
acids m fanning salts, cstcis, chloiides and anliychiclc s, on the otiiei, 
they lescmble the alkyl halides In the inactivity of the halogen, which 
can icachly be exchanged foi hydioxy, amino and olhoi gioups 
Ilalogen-subslitutecl acids aie moic stiongly acidic than the paieiil 
compounds, the influence of the diffcicnl halogens being in Lhe ouk'i 
Cl>Bi>-I, and vaiying also with the numbci and position of the 
halogen atoms piesent Unis monochloio-acelic acid is consideinbly 
slionget than acetic acid, and the sticnglh metoases still fuithci in 
di- and tnchloio-acclic acids (see p 82) 

lhe chemical piopcitics of the substituted acids also vaty con- 

1 F luschci and W Sclinnt/, Bei , 1906, 80 , 3$i 
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sicleiably with the position of the halogen m the molccuh, as m ( 
be seen fiom the following 

a-Ha log ah acids on being boiled with alkalis, oi in many « i , 
merely with walci, teadily exchange the halogen atom foi a hydiu v 
gioup with the formation of an a-hydioxy acid 

cn^ci coom n,o = cn,(0ii) coon mci 

Hydroxy acetic acid 
01 glycollu icul 

ft-Halogen acids, on the othei hand, when heated with wait i ]< 
hydiogen halide and yield unsatuiatcd acids 

ciigCi cii a coon - ciio cii coon i nci 

P Chloro-propiomc ncul Aciylic acid 


y -Halogen acids undei this ticalmcnl lust fonn the coiicspomhi. 
y-hyclioxy acids, which then by loss of walu immediately pa , in' 
lactones oi cyclic anhyndcs of the hydioxy acids 1 


CH a CII cn 2 CIIj CO 


Jh IIO 


-> CII, CII CII, CTI, CO 

_ -— . () 


Owing to then leaclivity the halogen acids die of gieat v.ihn t 
oiganic synthesis 

Monochloio-acetic acid, CII^CI C 0011 , is picpaicd by pa**m> 
chloimc into hot acetic acid in the piesencc of phosphoui < I 
ctyslallises in needles, mp 63° 

The acid has a sltong couosive aetton on the skin, and tin n l* t 
lequiics careful handling Duldoio mclic acid, CIICIj COOIf, 1. I" 
ptepaied by boiling chloial hydiate with aqueous sodium <y.initlt , an* 
tnchloro-accttc acid, CCI a C OOII, by oxidation of ehloial h)ibt* 
with nitiic acid 


2 Esters of NIU'oso and Nitro oarboxylio Aoicls 3 

Pi epa) at ton —When the mtious gases obtained by heating 111 a in- u 
oxide with mine acid aic led into tslms of acyl-substituted fall) at 
in the absence of solvents, a icaclion orcuis which leads to tin it m**v * 
of the acyl gioup (—CIIO,—CO C. II a , C O (* 0 II C ) and the foirnnh**' 
of mli oso denvativcs of the caiboxylic csleis 

Omitting possible intoimediate pioducls, the leaction mm b 
represented as follows 

R CII COOC a II B -> R CII COOC„II fj 

Ac NO 

wheie R icpiescnts an alkyl ladical and Ac an acyl gioup 

1 Fittigf, Be1 ,1891, 2658 A detmled description of Lite lactones is given 1 ilu, ut 1 m ' * 

B J Schmidt and co workers, Bet , 1909, 42,497,1886 Ami , 1910,8*77, 23, 30 , nji 3, ttt*ll, 1. t 
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Foi the piepaiaUon of nittoso-cai boxyhc cstcis on a laigu scale 
at is best to stall fiom the couespondmg acetyl dcnvnlivcs, us these 
ate well known and can genet ally bo obtained in quantity Methyl- 
ucctoacetic estei, fot example, js the best stailing-point m the 
picpai ation of melhyl-nilroso-acelic cstci 

Nitioso-caiboxylic esteis can also be picpaicd m a similar mannei 
by the leplaccment of inoiganic acyl substituents 

Finally, it should be noted that no lcplacement takes place when 
diethyl-acetoacctic estei is submitted to the action of mtious gases 
A nccessaty condition foi mteiaction is that the caibon atom to which 

the acyl gtoup is attached should also be united to an alkyl tadical and 
a hydiogen atom 

From this it may be concluded that the leaction piobably takes 
place with the founation of an intcimcdiaU pioduct, II, which then 
undeigoes decomposition 


I II 

CII (1 CO C COOR CJI s CO C LOOK 

II R NO R 




III 

CH u COOII I (TI COOR 

iwk 


The pi ope> ties of mt> oso-estei s »uc such as would be e\]jeeted of 
liuc mtioso deuvativcs, they are blue 01 bluish-giecn oily liquids of 
pungent smell, which cannot be distilled without decomposition A 
cotnpauson of diffeicnt alkylated mUoso-acctie cstcis shows that the 
shade of blue incieases in depth as the alkyl gioup mcieases m si/e 
On allowing any of these compounds to stand foi some lime at the 
ouhnaiy tcmpcialiuc, 01 moie lapully on shaking with walci 01 alkalis, 
the chaiacteiistic blue coloui disappears This is pailly due to mlia- 
moleculat change in which the nitioso gioup is convcited into an 
isomtroso gioup, 

II 


O N—C—COOCjjIIj 
CII 8 


> IIO N~ G—COOC^IIj 

CII 0 


and paitly to polymerisation, as can be shown by molecuku weight 
dcleiminalions 

Among othei piopeities these compounds all give the Licbcimann 
mtioso leaclton When heated with concentiatcd sulphune acid and 
phenol and then dissolved in watci, solutions aic obtained which 
develop a blue 01 giccn coloui on being made alkaline 

The constitution of the nilroso-compounds is piovcd on the one 
hand by then i eduction to amino-cslcis, and on the othei by then 
oxidation to the coiiespondmg mlio-eslots 

Esteis of mtro-cai bo\yhc acids ai c yellowish oils which lcqunc to be 
handled with gieat caie, as they decompose on distillation and explode 
when lapidly heated 


O 
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Nitro aliphatic Aoitls —Nilio-acctic acid has been ptepaied by the 
action of potash oil nitio methane, methazoic .icul being foimcd ns an 
intei mediate product The potassium salt of mtio-acclic acid so 
obtained is then decomposed with diy hydiochloric acid 1 Nitio-tnetu 
acid is stable in the diy state and ciyslalhses in needles, m p 87 0 to 89 0 
When healed in laiget quantities an explosive decomposition may 
set in 

8 Amino Adda a 

Ammo acids aie acids in which hydiogen of the hydtocaibon 
ladical is icplaccd by the monovalent ammo gioup, —NII a I hey 
differ stiongly fiom the conesponding acid amides, since the amino 
gioup resembles that m the amines in being fiunly bound and 
unaffected by boiling alkalis As m the case of the halogen acids 
(sec p 207), a distinction is made between a-, / 3 -, y-substiLuted acids 
etc, accoiding to the position of the substituent m the caibon chain 

Nil, NII a 

CII, ch' cooh Cll 2 CII 3 coon 

a-Ammo-propionic acid /9-Ammo propionic autl 


Physiological Impoi tance 0/ Ammo Acids —Investigation has shown 
that piolems aie hydiolysed by acids 01 alkalis, 01 by the fciments m 
the digestive tracts, to yield pioteoses, peptones and finally amino acids 
Of the numetous acids obtained in this mannei, the constitution of the 
majonly is now known and many have been picpatcd synthetically 
Monamino acids may be piepaied by the following methods 
1 Aldehydes and ketones when treated with hydiogen cyanide 
yield cyanhydnns These with ammonia aie convulod into amino* 
mlriles, which on hydiolysis yield ot-amtno acids ( Stiecko) 


/fi HCN 

CII, C/-CII 

^0 


s C/OII 
\CN 


Nil. 

CII, 


Al 

Of-NIC 

^CN 


an 0 

—>- CII, C 


Al 

^NIIj 

^COOII 


The fiist two phases of the above piocess may also be combined by 
Li eating an aldehyde 01 ketone dncclly with ammonium cyanide 3 

An even moie convenient method of effecting this synthesis is to 
bung eqmniolcculai piopoi Lions of potassium cyanide and ammonium 
chlonde into icaclion with the aldehyde or ketone, in aqueous 01 
aqueous alcoholic solution 1 

In this case the cyanide fiist undeigocs hydiolylic dissociation to 

1 Stcintapf niul co porkers, Be* h 19091 42^ 20^6, 3925 , 1910, 48, 3239, 1911, 44, 2891 
3 A comprehensive survey of the tun mo netda ■will be found In a lecture by J f mil f lacber 
“ Untersuchungen liber Axumosauren, Polypeptide und Proteinei n Bef , 1906,89, 53° 9 t 

19061 80, it8i 4 Bet , 1906, 89, iyaa 



AMINO ACIDS 


211 


give hychogen cyanide and potassium liydioxide, ICCN + II a O = IICN 
H-ICOII The foimei combines with the aldehyde 01 ketone to yield 
the cyanhydnn, which is then tiansfoimed into the amino nitule by the 
action of ammonia libciated fiom the fice alkali and ammonuim chloiidc 
2 By ti eating halogen substituted acids with ammonia 1 


H S N + Cl CI 1 8 COOII = II 2 N CII, COOII i IIC 1 

When this leaclion is applied to the piepaiation of pumaiy 
monamino acids, the lattei may icact fuithei with yet unchanged 
halogen acid to foim secondaiy and tcrtiaiy amino acids, such as 

N11 (C11 a COOII) 2 and N(CII 2 COOII), 

In oidci to avoid these by-inactions in the piepaiation of pumaiy 
a-a mi no acids, potassium phthalimide may be used in place of ammonia 
( Gabtiel ) The puie amino acid is then obtained fiom the pioduct 
so foimed by heating it to 200 0 with hydiochlonc acid (see also p 445) 


Cl I,Cl 


CO,CJI 


2“0 


/ C °V 

' KN <co> 0,n< 


Monochloro Potassium 

acetic cuer phtlnhmido 


/ co \ 

CI In—N< >C 0 II, I KCI 

| * N CO/ 

CO,CJI s 

Plulnlyt glycine 
ester 


/CO v 

Clin—N< >C 0 II, t 3 ILO 

| ^CO^ 

C0 2 C,II 5 


CII —NII 2 .COOII 

| I C 0 Il/ 1 CjIIjOII 

COOH N COOII 

Glycine Phtlnlir ncid 


3 Ihom lcetonic 01 aldchydic acids (oxo-acids) by convemon into 
the oximes 01 liydiazones, followed by 1 eduction, piefciably by means 
of aluminium amalgam 2 

CII 3 CO COOII —> CIIj C(NOII) COOII «-> CII 8 CIINIIg COOII 

Pyruvic acid .. Oximo a Ammo propionic neld 

^ CII.—C—COOII / 

II „ 

N NIIC fl II a 

Phenyl hydrvonc 

The synthesis of «-annno acids by the 1 eduction of the couespond- 
mg oximes may be employed with advantage 111 all cases whcic the 
a-ketome acid is easily picpated® The catalytic leduction of a ketome 
acid dissolved in aqueous 01 alcoholic ammonia also yields the cone- 
sponding amino-acid 1 

F01 fuithei methods of obtaining monamino acids see E Eilcnmcycr, 
Ann, 1905, 387 , 205 , J v Biaun, Bet , 1907, 40 , 1834 

1 F Fischei and Schmitz,^/ , iqo6, 80 , 351 a R Fischer and R Grohj/fw/, 191 r, 
338 , 363 5 Coinpiro Knoop nnd Iloessli, Ber j 1906, 80 , 14/7 4 ICnoop and 03 terhn t 

Z physiol Ch y 1923, 148 , 294 
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Diammo acids are m gcneial moic difficult to picpaie than 
monamino acids 

1 A modified foim of the phthaltmide method descubcd above is 
available for the piepaiation of these compounds I hus, foi example, 
aS diamino-valciic acid may be synthesised fiom phthahmido-piopyl- 

y co \ 

malomc ester, C„II 4 < >N CH 2 CII 2 CH a CII(COOC 2 II B ) 2 I he 

X CCK 

Jatlci leadily foims a biomo deuvative, which aftei hydtolysis and 
splitting off caibon dioxide yields phthalimido-biomo-valcne acid, 
Colli C, 0 3 N CII a Cl I, CII 2 CHJBi CO OH Fiom this, by the 
action of ammonia and lemoval of the phthalyl ladical, is obtained 
aS-diamino-valci ic acid,NH a GII, CII, CH a CII(NII,) COOII, which 
is the laceitnc foun of the naturally occulting ornithine 1 (see p 219) 

2 Another and somewhat similar process has been developed 
by Soicn sen 2 

3 Diammo acids aie also foimcd by the action of ammonia on acids 
containing two ethylene bonds Thus on heating sorbic acid with 
ammonia a diamino-capioic acid is produced 8 

4 Ammo acids aie largely piepatcd by hydiolysmg ptotcnis 
with mineial acid and scpaialmg the lesulting mixtuie by Fischei’s 
estci method (see p 214) A fmthei method of isolation has been 
described by Dakin 1 It consists m letnoving the monamino acids 
and ptolliiG by continuous extinction with butyl alcohol, the diamino acids 
and the monamino dicarboxyhc acids lemain in the aqueous layet, 
fiom which they can be sepaiated Ihis piocess has the advantage 
that optically active acids aie not laccnnscd 

Properties and Constitution of Annuo Acids —The majoiily of the 
ammo acids aie ciystalline compounds, often of sweet taste, which aie 
soluble in walei but insoluble m alcohol and cthei 

They aie both basic and acidic In chaiactci, and thcicfoio foim 
salts with acids as well as wiLh bases Simple monamino acids aie 
neutial in icaction, and it has been assumed that the caiboxyl iinil 
ammo gioups ncutiahse each olhci within the molecule to foun an 
inner sail Opinion as to then constitution is at present divided 
Accoidmg to the oldei view then propeitics aie lepicsented by the 
foumda I (amino-acelic acid being used as an example), m which the 
amino and caiboxyl gioups aie supposed to be ftec Accoidmg to 
modem ideas a compound of this type is constdeied unstable, as the 
ammo gioup would piobably have a stiong tendency to unite with the 
caiboxyl gioup to foim a cyclic ammonium salt When the amino acid 
is convetted into a salt by combination with anolhei acid 01 base, a 
sepalalion of the NH 2 and COOH gioups takes place Ihesc views 

1 £ Fischer, Her , 1901, 84 , 454, « C, 1908, II, 681 » E Fischer md Schlottorlieck, 

fft),, 1904, S 1 /, 2357 * Btoe hern 1 gl8, 33 , ago 



AMINO ACIDS 


213 


me expressed in II, which is known as the betaine foimula foi 
amino acids 

I CO01I II CO—O 

Cl I,—NIC dll in 

jJ M W V 

Among othei facts suppoitmg this stiuctuie may be mentioned 
the existence and mode of foimalioti of tiimclhyl-glycinc 01 betaine 
(see p 218) It has not yet been found possible to isolate an amino- 
acid in two desmoliopic foims, and hence the above two fotmul.e must 
foi the picsent be legal tied as equally well justified 

As ammo acids aie nculial in leaclion they cannot be dnectly 
titiated with alkalis Use may be made of Soiensen > <t foinia! filiation 
method, in which the basic amino gioup is modified by mid action with 
foimaldehydc, giving a 1 datively stiong acid which may be titiated 
in the usual way 

CII, CIL, 

I I 

CII NII a I II C1IO - CII N CII, hII/) 

coon coon 

The hydiogui oj the ammo gioup in these acids may be leplaced 
by an alkyl ladical 01 by an acyl gioup In the lattci case the 
compound foimed is both an acid amide and an ammo acid, eg, 

r co ci hi 2 n cii, coon » r co Nil cn 2 COOII l IIC! 

I’ionmncnlamong compounds of this type aie the ben/oyl denvativcs, 
which accoidtng to E Pischci may be used in icsolving laccmic ammo 
acids into then optically active components Unlike the amino acids, 
the ben/oyl compounds aie stiongly acidic and can be combined with 
an optically active base Ihc mixtuic of salts thus foimed fiom 
a lacemic acid can then be sepaiated by fiactional ciyslallisation 
icf p 41), and the active benzoyl compounds conveited by liydiolysis 
into the active amino acids 

The conesponding compounds of ammo acids ivith ft-naphthalene 
sulphomt acid aie distinguished by their small solubility in watei, and 
aie Ihcicfoic useful foi the isolation and identification of ammo acids 1 

Amino acids unite with phenyl isocyanate to foim phenylumdo- 
acids, z eg 

C fl II fi NCO H II B N CII 9 COOII - C 0 II B Nil CO Nil CII 2 COOII 

PJicnyl Amino acetic Phcnylmudo icetic 

isocymatc acid netd 

Owing to then low solubility these compounds and the conesponding 
substances foimed with a-naphthyl-isocyanate, C 10 II 7 NCO, aie used in 
the scpaiation of amino acids 8 

1 E Fischer -ind Dergell, Du , 1902,86, 3779 9 Pail, Bey,, 1894,2?, 974 3 Neuberg 

uid Mnnftsge, , 1905* 88, 2359 

O 2 
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In the case of diamino acids the best means of sepai ation is 
precipitation with phosphotnnqstu acid 1 

Most amino acids yield a spaimgly soluble toppei salt 
Esteis of ammo acids may be piepaicd by leading hydiochlonc 
acid gas into a solution of the acid in absolute alcohol I he hydio- 
chlondcs so foimed {eg > IICl,NII a CII 2 COOC 2 II 6 ) aie decomposed 
with com.cntiated alkali at a low tempeiatuie and the fiee cstei, 
(Nil, CII a COOC^IIji), extt acted with ethei a 

Owing to then piopeily of distilling without decomposition, the 
cstcis aic of gicat scivicc in scpaiatmg the mixtuies of amino acids 
pioduccd by the hydiolysis of piotcins ( Fischei ) Amtno-cslcis ate 
t xclusivcly basic in clnuactci, and m then leactions sttongly lesemble 
piimaiy amines lhey yield acid amides on tieatment with liquid 
ammonia, and as is dosenbed in moie detail below, can be convcited 
into diKcto ptpetannes 

lhc cltotides of amino acids, containing the gioup C OC1 in place 
of caiboxyl, aie, accoidmg to Fischei,® best piepaicd by shaking the 
acid at o° to 20“ with about 10 to 15 tunes the theoietieal amount of 
acet3'l chlonde and the calculated amount of phosphoius penlachloi ide 
Undci these conditions the hydtochloudc of the acid chlonde is 

II CII COC1 

obtained, of Liu gencial foimula | Compounds of this 

NII a Cl 

lype possess the teactivily of oidinaiy acid chloudcs and, as will be 
setn latu, may be used in the synthesis of polypeptides 

Action oj Yeast and Moulds on Ammo Acids ■—It has aheady been 
stated on p 143 that feimcnting yeast in the piesence of sugai convcils 
ammo acids into alcohols, and that this piocess can be used foi 
pi ep,u mg alcohols fiom ammo acids Ceilain moulds, such as oidtuni 
laths, effect the icinoval of the ammonia icquncd as nutinnonl m a 
somewhat different mannet, 1 the elements of walei being added dunng 
the pi01 css, accoidmg to the equation 

R (’[[(Nil,) CO a lI l 11,0 - E CII(OII) CO,II I Nil, 

)Iui mg tin giowth of the fungus the chain of eaibon atoms lcmains 
piaclically unallcied, and an almost quantitative yield of «-hydioxy 
acid can be isolated fiom the solution I11 this ease only vciy small 
amounts of alcohol aie pioduccd Since any dosned quantity of an 
amino acid may be tiaiisfoimed in a compatalively shoit time by 
means of oidmm laths, we have hcie a convenient way of ptc- 
paimg optically active hydtoxy-acids fiom active 01 lacemic ammo 

1 luit huthci tin ula ate I* Hscbentifl Abclcilnklen, / physiol (A* 1903, B 9 , S8< J f Fisclieh 
her , 0D P 55.7, J cveno mid lie my, / phystof Ch , 1906, 4*7, 119 ^ l 1 ischci, He> , 

1901^4, 133 hi phcc of potassium h)dit(e, lead Jiy dr oxide may conveniently be used (/ 
phswl ( h , r9ir» 73 , 559) a I 1 Mother, Bet , 1906, 80, 5 (,5 1 I ( W1111U1, Bet , 191 

14, ij % m 
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acids, a method which has many advantages ova putcly chemical 
pioccsscs 

flic bac/enal fu mentation of ammo acids , which tikes place m llic intestinal 
canal, leads to a variety of pioducts including phenols, mono ind dt amines ind 
fatty acids I he connection between those compounds and paitieular ammo acids 
can usually he deduced fiom the constitution of the littei, and has in many eases 
been piovcd expot nncntnlly 

The do ip iidatioii of the ammo acids by animal cells occms by way of decirboxylation 
oi by oxydilive de animation, amides or ketonie acids being thus foimcd as 
intei mediate pioducts 

By .application of the Gi ignaul leaction to amvio-estets it is possible 
to obtain ammo-alcohols 1 

As in the case of the halogen acids (p 208), the chemical bchavtoui 
of ammo acids vaucs with the position of the amino gioup in the 
cat bon chain 

a-Amtvo acids 1 caddy lose two molecules of water ftoin two 
molecules of acid, 01 two molecules of alcohol may be eliminated 
fiom two molecules of amtno-cslet, to fonn cyclic .mhydndcs called 
2 s-ddeto pipetavmcs ihese possess the properties of acid amides 2 

CII, NIIII C 2 ILO CO CII, Nil CO 

I I |=| | 1 aC a II B OII 

CO OCgllj JIIIN CII, CO NIT CII 2 

Glycmo anhydrido, 

3 5 diketo pipcra/inc 

fi-Annuo acids icadily pait with ammonia to yield uvsalmatcd acids 

xijx cn„ cn 3 coon - cii; cn gooiih nii, 

ft Amino piopiomc ncul Acrylic ^cid 

y- and S-annno acids , and those with longei chains, aie easdy 
conveitcd by loss of watei into mnei anhydtides tcimed lactams 
These ate cyclic acid amides which coirespond to the lactones oi cyclic 
anhydi ides of hydi oxy acids 

CII a CH, dig CO CH 2 CH a CH„ CO 

| I - I I cH 3 o 

NIIH OH NH- 1 

7-Anuno-butyric acid y-Butyio-Uctam 

or pyr roll done 

A companson of the bchavtoui of the completely alkylated 
compounds, known as betaines, under the influence of heat, shows 
even moic cleatly how the position of the amino gioup affects the 
piopcitics ci-Betames on fusion aie convcrLcd smoothly into esteis 
of leitiaiy amino acids (I), the simplest /3-bctaine, piopio-betainc, 
isomeiiscs to foim the tnmelhylamine salt of aciyhc acid (II), 


1 Pid and WcidenkiiTj Bet , 1906, 89, Bio 


9 L f ischer, Bet , 1906! 89, 556 
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and huly ro-bclaint, a y-betainc, decomposes into bulyio-laclonc and 
tihnolhylammn (HI) 
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IV' 
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Methyl ester of 
dimethyl immo italic acid 
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1 nmclhylnminc salt of acrylic and 
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Jlutyio lailimc 


hf/or of S *></#//w // filot ttc on a-An/wo yludi 1 —Ilypochlodlcs 
H hi ttilh u iiniiiiii at uln in the Siinu* way as with simple amines 
\in.iihti|> In tin mm mnl til by pot iilmilc unployid, and the numbei 
nl Indmj in a I * a m i dm ill}' all.u lit cl lo mliogen, thcie aic fonnctl 
triMun m iln Ilium .nit illinium piotliuls hmlliu at lion lesults in 
iiM.liltnii and tho Immainm td an aldehyde containing one atom of 
t ti turn l> > t (hail Iln in initial at id, t'i ;, 


( it, i ii(Nir) ( ooir 


>• l II. cno 


C’OOII 

(Myelno ^rly <unuw antit tunf> anitno tlham mid j 


< n. NIL 


( * I 


() 

mi | | , iitr 11 i ai M’ l<> i'V'", ami is loumd by the genual 

t U f Ml, 

itn «li ,| dii i«l\ dt . nlttd It m.iy lit pitpaittl by boiling glue with 
.!» k*. ul| dmi n m id in I mi y la (In me Us mum), also fioni its hcn/oyl 
d<si ilea ///yv/M >ua/, wlm b ottuis m the mme of haiscs, by 

l.t, .It..tv i v it It 111 dt m 1dm K .aid' 1 

i h t ti nisi i ti, ‘ non i HjO ! IK 1 

sS , trip vl f 1 v■ ’ ltr 

1 11< 1, Nil, ( 1 Ij l (Kill I CflH/i cooii 

(,|ji me hjilmi liltn tele lkn/oit* laid 

mil mini t tl mil) tlif human oi|?umsin il also hccotncs 
alt *1 mr mil t Iniiniaieil lit U» urine ns liip]unic tirnl Similntly 
r , , f ,| Mimi'aiil fitim flu .iiimiiiloiKiuusnuninffitrmof///ft/w«/«/vf<r«rf, 

n ,|| , II MI t Ii y t I Kill h is liclifvttl tli U Sitih tlmuKCsare part of 

r . f.j* >lin It Imi i>;ii ailist mi t“i .tie m nib ltd It.uinless anti removed 
„ , In I.imIi, *u ml tun* fp Jiy) pl.1) • the jurl »f 111 the above 

( i i u ,. |,l i lnnlti itrtl us onut/nmc i//«/(thlK , n/oyl tniitthme) 

i 1 a J J,.-' i /• , 1 „ t, *il syi, ap*> J I "I fiitihci Hicthiid# ncc 1 Prlcumeyer, juti . 
,, i ^ i int ait 41 
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Glycmc foims laigc lhombic ciystals, dissolves easily in walci and 
is insoluble in alcohol and cthei It possesses a sweet taste, and gives 
a chai actei istic dailc blue ciystalhnc coppet sa/t, of the composition 
(NH a CII 2 COO) 2 Cu-bII jO liiL lattei is leadily soluble in watei 
and is foimed when a solution of glycine is boiled with copper 
carbonate The ethyl estet boils at 51 5° to 525° undci 10 mm, and 

when 1 educed in nculial solution by means of sodium amalgam yields 
amino acetaldehyde 1 

Aliphatic DIewo compounds —Nitious acid internets with glycine cstci to give 
dn/o compounds which ate irid dcnvalives of dnzo methane (p 165) The hydio 
chlonde of glycine cstci when tteated with sodium nitiile yields dlnroaoetio ester*, 
b p 140* undci 720 mm I he latter is a yellow oil which is insoluble in watei 

yN 

C a TI e OOG GIL, Nil* HG1 \ NnNO a ~ C B II B OOG CII<( II i NiCl 1 alip 

Difwoncollu emtor 

Dn/o compounds of ui.ilogous constitution aic also foimed hy the action of 
rations acid on other ammo acids J 

Investigation has shown that only esters of a ammo aculs can be convened into 
dia/o estets No diazo compounds have been isolated hom fuc ammo acids 
01 from esters of /J oi y ammo acids In addition, it is nccessaty that at lenst 
one hydiogcn atom should bo united to the cubon atom linked to the ammo 
gioup, in or dci to pci nut the fo mint ton of the a/o methane ting with mlious 
acid by loss of two molecules of watei 1110 most stable dia/o compounds ite 
obtained fiom substanccb such as glycine cstci, which contain the gioup 
—CII 2 NII 3) and thus foun denvxtivcs m which a hydrogen atom still lemams 
attached to the caihon of the azo methane ling 

Aliphatic diazo os torn aic veiy 1 cacti vc, mtiogcn being icadily eliminated 
and its place taken by two monovalent atoms 01 groups 

A point of special inloiost is the use of dta/oacctic cslet in the picpaiation 
o {dianudt, 01 /tydraxim^ NII^ NII 2 , and the conversion of the latlci into hydnvsotc 
mtdi N a II (C/z/Z/us ), also the synthesis of p>ia/olc dcnvativcs (see index) fiom 
the same slatting maternal 3 On icdurtion, cha/oacetic cstci is con veiled into 
bydrnnno acetic eblci, 1 NII B Nil CII 2 COOGjIIi 

Recently the poly glycine cstus (p 221) have also been convcilcd 
into dia/o-cstcis (Cuitius), eg , 

]I,NCII a CO NIICII,COAXI f> -^ N a CIICO NIICII 2 C 0 2 Cjr, 

Glycyl glycmc estei Dmzo ncctylnmino acetic calci 

These compounds undetgo the same icactions as dia/oacetic estci, 
and ate thetefoie valuable m synthesis 6 

1 I£ I ischcr, , 1908, 41 , XQI9 C Ncubcig, tbid r 956 3 bee Curtms “ Ucbei 

Ilydrazm, StickHtofTwasaeratoff und the Dmovcibimhmgcn der I ctiiclhe,” Bet , 18yd, 20, 
759 Cnrtma nnd Muller 11 None UnleiBiichiingen ttber Dii/o fatBaurecstei,” Bet , 190^87, 
1261 For isodla/oncetic estei, see Ilant/scli and Lehmann, Bet , 1901, 84 , 2506, and foi 
the polymerisation pioducts of diazo icetic ester, Uantzsch and Silbeirad, Bet , 1900, 88, 58 
s E Buchner* Atttt i 1887, 287 , 214 4 Daiapsky and rrabhakai, Bet , 1912, 45, 165 

2617 5 Cm tins and co-ttoikeis, Bet , 1904, 87 , 1261 , igoG, 80 , 1573 
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COOII CO — O 


Methyl-glycine, sa> cosine, 


01 


CI-I„ Nil CII 
COOII 


CII 

NIL 


t 

NIL CII 




is foimed fiom cieatme (see p 335), I I , which is 

CII ? N(CII,) C = NII 

piescnt in meat juice, oi fiom the alkaloid caffeine by wanning with 
baiyla watci Synthetically it may be prcpaied by the action of 
mcthylanune on chlotoacetic acid It melts at 2io°, dissolves icadily 
in watei and spanngly in alcohol With cyanamidc it combines to 
fonn ci eatme 


CO-O 

IVlmofchyl-gtyoino, betaine, 1 I , is picscnt m cotton- 

cir,—N(cti a ) s 

seed, in the embiyo of wheat and bailey, and in the sugai beet In 
the manufactiue of sugai fiom the laltei souice the betaine collects 
in the molasses Delaine is pioducccl by the oxidation of choline and 
may be obtained synthetically fiom tumclhylamine and chloioacetic 
acid 1 Ihcse methods of piepaialion confiim the above stuictiual 
fbimula All compounds of similai constitution, te all internal salts 
of ammonium bases, ate known mulct the genual names of betaines 
(s< e P a I iff 


Hellene uyst illiscs in huge ciystsls containing one molecule of ii.itci, winch 
imy be removed ovei sulphuric it.id oi it ioo° The nnliychons compound melts 
at '’9.3”, bung tums-foinicd into the methyl estei of dimethyl ammo acetic acid," 
and on fwlfioi healing clc 1 coni poses with fonn,it ion of tmncthylnminc On llic 
tichim.il scale linneiliyl minio is picpared by heating the molasses fiom beet 
sugai Betaine can also lie convened into glycollic nut! by healing with caustic 
soda, oi by the a< Lion of ccitun moulds a 


Alauitio, it-annno-ptoftouit-acid, CII a CII(NII 8 ) COOII, which only 
oteuis in the cA-foim in n.itutc, is obtained ftom a-chloto- oi rt-btomo- 
piopionu acid and atnmoma On ticalmcnt with nilious acid it h> 
con vetted into lactic acid (p 227) Iiansilions between alanine and 
lactic acid have also been rlctcclt d in the animal oigamsm These 
thangt's ait* of intuest because they establish foi the fiist time an 
undoubu d contu etion between a lowei dcgiadalion pioduct of piotcins 
and a simple pioduct of caibohydiate metabolism Natuial dexlio- 
lotalmy alanine is best picpaicd by the hydiolysis of silk Owing 
to ita lelationship to /-glyccnc aldehyde (adopted as a standaid in 
deteimining the configiualion of sugais and optically active acids) the 
natuial alanine is now moic coucctly dcscnbed as /(-|-)-alaninc 1 
(eompau* sugais, p 288) 

/-IiouaJnG, <x-aMiuo-isobutyI - act tic acid, tx-annno - isocap) on. acid , 
(( !!„),( II C IJ^j CII(NII a )COOII, occuis in the pancreas and spleen, 
and is fotmed in considciable quantity when piotcins are decomposed 

J Willy! tUc 11 lift 1 rgoa, 8 B, Co -3 a Willst'IUe), Jh> , igoa, 86 , C 03 J 1 Iiluticli 
mid I nngc., A <r , 1913, <W>, a/)(3 1 I* rcutleiiberg nncl Rhino, An , 192 j, 67 , 15)7 



LEUCINES, ORNITHINE 


219 


with acids 01 alkalis, 01 by puticfaction It can be picpared ftom 
hoin oi casein by heating with dilute sulphunc acid In this mannei 
it is obtained as a white eiystalline pioduet, m p 270“, which is optically 
active Leucine and its pale blue eoppei salt aie both spanngly 
soluble m watei The inactive fonn may be picpaied by lnlciaction 
of isovalei aldehyde, ammonia, ,uid hydrogen cy.aiude, by hydrolysis 
of the condensation pioduet of isobutyi aldehyde and htppuuc acid, 1 
01 by 1 eduction ol a ovimino-isobutyl acetic estet with sodium 
amalgam 2 

„ Nil, CN 

(OIL,) ,011011,011 O -•—->- 

Isovakr 1lt.ii.h3 

✓NIT» kctliuliuii ^NOIl 

(CII U ) 1 CIICII>CII< — (UU,CIICIJ>Cr 

x cooii " cooc 3 ii fi 

;-Lctiunc a O\imtno lsobulyl arctic csta 

aklsolextoine, a-a»uno-fi-»ielhyl-f&-cth)>l-p>opiomc aad t (CII n )(C 2 ll fj ) 
CII GII(NtI„)COOII, is found in natmo associated with leucine, 
which it sliongly lescmblcs It may be obtained fiom the sti outturn 
liquors used in icfining sugat and by vanous synthetic methods A 
simple method of piepaiation is fiom malomc eslei and secondaiy 
butyl iodide in the following stages 8 

C a II 6 CIII C1I„ 1 CIINa(CO a C J II 6 ) 2 -•> CTI n 011 ( 011 ,,) CTItCOoCjII^j -->■ 

C a ir B 00(0110 0 n(CO 2 n)a> OJIs CII((TI„) CUitCOjII),—>■ 

c a ii 0 cii(cii 8 ) cirui coji ->c* 2 n 0 cii(cn 0 ) cti(nii 2 ) co,ii 

S-yh/iuifl n valuic acid i NIl 2 CII 2 (CII 2 )jCOOII, inp 158', lias been isolated 
fiom tlie piodticls of pulief irlion of fibnn and flesh 

In addition to these monammo acids, the majonly of albuminous 
substances also contain vaiying amounts of diamino aoicls Accoidmg 
to Kossel, the latter picdominate in the piotamines The following 
thice compounds have been caicftilly investigated Ornithine, lysine 
and ai gin me 

The diamino acids aie distinguished from the monamino acids by 
then alkaline leaction, lcsulling fiom the ammo gioup which is not 
ncutiahscd by intiamoicculai union On puticfaction they undcigo 
dccaiboxylation to yield diamines such as puticscine and cadavciine 

(p 241) 

Ornithine, uS-duimino-valeuc acid\ II a N CII S CII a CII a CII(NII 2 ) 
COOII, was fiist obtained by the hydiolysis of its dibeiwoyl compound 
ointthnt tc acid, which occms in the cxciemonl of hens fed with benzoic 
acid (see p 21C) I he pioduet so obtained is optically active The 

1 F Filcnmiyu, jun , -iml Kunlin, Aim, 1901, 810 , I[S '* XlouveniU and Locqiun, C , 
igoj, 11, 1710 For the lesolntion of laceimc Icuunc see Waibnrjj, Ber , 1905 88, 187 
E 1 * lsclici and Waibnrg, Ber , 1905, S8* 3997 8 F Elullcli, Bet t 1908, 41 , 1453 
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i acemic foim of ornithine has been synthesised by E Fischet 1 .ucoidiH}' 
lo method 2 on p 212, and icsolvcrl into its optically aetive eompnin nt 
by Soicnsen by way of the diben/oyl compound 
Arginine, a -ammo S-guanido-valu ic and, 

UN. 

yc nii cn 2 cn„ cn 2 cri<Nii,)Cooii 

IlaN/ 

is found among the hydiolytic pioducts of in my animal piotun\ and 
is also contained in the cotyledons of etiolated lupins It is eln c K 
lelatcd lo 01 nithme, since on hydiolysis with baiiuin hydioxidc 01 hi 
the action of the en/yme atgmase it yields a mixluie of oinilhim ami 
urea Aigininc has been synthesised by the combination of eyanamnli 
CN NII 2 and onulhine 8 It is usually piepated fiom the jimtuu 
edestm by hydiolysis with fuming hydiochlone acid 

Lysine, ac-diemnno-capfou acid, NII P CII^CIIJ,, CII(NII,}( OtMl 
was discoveied by Diechscl as a hydiolytic ptoducl of casein, and hi 
been found by othei woikeis among the pioduets of acid hydmh 1 
of all pi oleins subsequently examined lhe compound so obi,mini 
is dcxlio-iolatoiy Pancicatic decomposition convctls it into |>inta 
methylene-diamme 01 cadavenne, NII a CII a (CII 2 ),C II 2 NII B hiilm 
and Wcigeit piepaied the lacemic fotm of lysine by 1 educing a-oximum 
y-cyano valcitc acid 3 

Hlatldino is also a common decomposition pioduct of pioloim, and 
is an u-awiH0-($- 1 mtna*ylptopiomc acui of the fotmula 


IIoN 


C001I—CII 


NII 

iic/\cii 


CII 2 —c 



It has been synthesised by Pyman 4 

Ilydioxy-, thio-, dibasic and cyclic amino-acids aic dcscnbcd undo 
then appiopuale headings 


Pol Y1*1*P TIDES 

It has aheady been stated that amino acids piedominale among tin 
hydiolytic pioducts of ptoleins, and foi a long time attempts weie in.idi 
on the pait ofvaitous invesligatois lo bung these again into combination 
by anhydnde foimation, with the object of building up laigci moluuli • 
I he lcsults obtained, howevei, wcio not satisfactoiy 

Emil Fischei was the fiisl to develop methods by which III* 
molecules of vai 1011s ammo acids could be successively linked on to 

1 I Fischer, Be) , 1901,81, 454 Fischer siul /cmpldn, ZjV/ ,1909,42, 1023 a F Silnd *• 
nnd 1 * Winterslein, JJet , 1S99, 88, 3191 I'm the synthesis of aigmme fiom oinilluinc itiil, 
SUionsen find M Eloymp, Bet, 1910, 48 , 643 8 l'or i synthesis of nnclivc lysine ft* in 

pipeiuline, see J v Bruin, Bet , 1909, 4 a, 839 1 Pyman, J C S, 1916, 109 , 186 
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one anothci in a species of amide fotmation, each inici mediate 
substance being isolated and identified Ihc lcsultmg piodncts, 
whose simplest lcpicsentativc is glycyl-glycine NIL, CI 1 , CO Nil 
CII ? COOII obtained fiom glycine, wcie desciibcd nndci the collective 
name of polypeptides Accoiding to the nitmbci of ammo-acid lesiducs 
contained in the molecule, they aic distinguished as di-, til , tctia- 
pcptides, and so on 

In connection with these compounds Pischei wiites “The lnghei 
membcis of this synthetic senes aic, with lespcct to then external 
piopciltes, ccitain coloui icacUons, and bchavioiu towaids acids, 
alkalis, and feimcnls, so sinulai to the natuial peptones that they 
may be consideied as then neaicst lelatives, and I tegatd then 
synthesis as the fiisl step in the pioduction of natuial peptones and 
albumoscs ” 

Sy n tlusts of Polypeptides 1 

1 Dipeptides can be piepaicd by the hydiolysis of 2 5-dilceto- 
pipeia/ines As stated on p 2ri>, the lattei ate obtained from a-amino 
acids by loss of 2 mols watci, oi fiom the coil expending cslcis by loss 
of 2 mols alcohol 

Glycine anhydude, the simplest 2 5 diketo pipcia/ine, foimed the 
stat ting-point of Iuschci’s investigations When this compound is 
boiled foi a shoil tunc with concenliatcd hydiochloiic acid oi shaken 
with cold dilute alkali, the ling is opened up and a hydiochloudc or 
salt of glycyl-glycine is obtained 

IIN CIIj CO 

OC CII a Nil HI/) = II a N CIIj CO Nil CII a COOII 

a g-Dikelo pijien^inc, Glycyl glycine 

glycine anhjdnde a 

By using alcoholic hydrochloric acid in place of aqueous acid, the 
2 5 dikcto~pipeia/inc may be conveiled dnectly into glycyl-glycine 

estei, NH a CII a CO Nil CII 2 COOC a II 6 

2 Moie complex compounds can in many cases be piepated by 
elimination of one molecule of alcohol fiom two molecules of amino- 
esteis oi estei s of highet polypeptides 8 Foi example, the methyl estei 
of diglycyl-glycine at ioo° quickly leacts according to the equation 

aNII 3 CII a CO NIICIIgGO NIICIIaGOaCIIa 

= CII B OII I NH a CII a CO <NIICII !! CO) 1 NIICII 3 CO JI CII 8 

to fot m the methyl ester of a hexapeptide, fi om which the hexapeptide 
itself may be obtained by hydiolysis 

1 For full dctula icferonce should be made to the lecture by Emil Fischer 11 fJntersuchungen 
liber AmmosHuren, Polypeptide und ProtelE^e ^ ,, , 1906, SO, 530 See also Curtins, f ft Ui , 
1904 (2), ^Q, 57 2 With reference to an 'tnhydnde of glycine which 13 not a 5 diketo 

piper wine, sec II I euchs. Bet , 1906, 89, 857 8 Curtms, bet , 1904, 87, 13^ 
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3 Dipeptides ate obtained by bringing ammo acids or then esleis 
into reaction with halogen-substituted acid chloudcs, and treating 
the product with ammonia Foi example, chloio-acctyl chloiide 
C 1 CH 3 COC 1 reacts with glycine to give chloio-acctyl-glycitie, which 
with ammonia yields glycyl-glycme 

Cl CH a CO NH CH a COOH + 2NII 3 

Chloro acetyl glycine 

- nh 2 cii 8 co nxi cn s coon \ NiijCi 

Glycyl-glycmc 

Glycyl glycine may be once again combined with chloio-acctyl 
chloride and the product treated with ammonia* when cliglycyl-gjycinc 
is obtained — 

H 3 NCH 3 CO NHCIioCO NIICIIjjCOOII 

Djglycyl-glycine 

This synthesis has been continued to the stage of a pentapoplide and 

could probably be carried on still fuithcr Most of the polypeptides 

at present known have been obtained by this method, since it is 

possible to employ as components avancly of substituted acid chloudcs 

on the one hand, and on the other otdmaiy amino acids, hydioxy- 

amino acids (see index), and still moie complicated substances, such as 
cystine 

4 The amino acid chain may also be extended on the side of the 

carboxyl group Of the processes available foi this puipose, the 

following is of most impoitance m the synthesis of polypeptides 

When amino acids are shaken with acetyl chloiide and phosphoius 

pentachloride, they are converted into hydiochioiides of the coric- 

sponding ammo-acid chlorides (p 214), which icadily couple up with 

esters of amino acids or polypeptides Thus the chloiide of u-biomo 

isocaproy 1-glycme reacts with glycine cstei accoiding to the following 
equation — 

C 4 H 9 CHBr CO NH CH a CO Cl + aNII a CII 3 CO,C 2 tI B 
= HCINHj CHj CO a C 8 H e 

+ C 4 IT 9 CHBr CO. Nil CII a CO Nil 011 , 00 ^ 11 ,; 

By hydrolysis of the ester so obtained and subsequent ticatmcnl with 
ammonia it is converted into leucyl-glycyl-glycme 

ThJs method is of special importance in its application to optically 

active amino acids, whereby optically active polypeptides aie pioduced. 

buch compounds are of unusual inteiest because the nalutally occuinng 

proteins as well as their products of hydrolysis—dlbumoscs, peptones, 

etc—are also active The methods just desenbed wcic fust applied to 

monammo acids, and with the exception of the fouith, have also been 

extended to diamino and hydioxy-amino acids Up to the present 

oyer, a hundred polypeptides of different composition have been 
prepared by these means, 


f 

t 


l 


r 



POLYPEPTIDES 


223 


In his icseaiches on the polypeptides Fischei finally succeeded in 
1907 in building up an oc tadekapephde containing fifteen glycine and 
thicc leucine lesidues, thus effecting the synthesis of the most complex 
oigamc substance whose constitution was then Known In itsgencial 
piopci Lies this polypeptide of moleculai weight 1213 shows the 
gieatcst simihmty to many natuially occulting pioteins Nine yeais 
latei E Abdcihalden earned the synthesis a step fuithei, and by 
the same method picpaied a peptide with 19 ammo-acid lestdues, 
containing one leucine residue moie than Fischei's octadekdpeptide 
Some idea of the complexity of these substances may be gained ftom 
the fact that accoiding to Fischet’s calculations 8t6 isomeuc ocladcka- 
peptides of the same composition aie possible F01 the polypeptide 
obtained by Abdcihalden the numbei of isomeiides has incicased 
to 3876 

A discovciy of some impoitance was the isolation in consideiable 
quantity of a methyl dikcto-pipei azine , 

II , C C O 
IIN<^ NNII 

CO~ Cl I CII 0 

fioin the products of hydiolysis of silk fibioin, 1 which is identical with 
the synthetic compound fiom glycine and rf-alanine This dikcto- 
pipeta7ine coi responds to the two dipeptides glycyl-alcnnne and alanyl- 
glycine 

G!ycy!-<\~a!auine is the fiist lccordcd instance of a common link 
between polypeptide synthesis and piotein disiuption 

It was isolated fiom the pioduets of hydiolysis in the form of the 
a-naphthalene-sulphonic denvativc and its stiuctuie confiimed by 
hydiolysing the lattei to alanine and naphtlialcne-sulphoglycinc The 
compounds with naphthalene sulphomc acid aie of gical seivicc in 
detcimining the stiuctuie of polypeptides 

<\-Alany!-\ leucine has been found among the hydiolytic pioduets of 
claslin, and 1 -leucyl-<\-ghitnmic acid among those of ghadni 

G/ycyl-pi o/tne anhydnde was discoveied by Lcvcne and Ilealty 
among the pioduets of digestion of gelatin, and Osborne and Clapp, 
by hydiolysing gliadin with hot sulphimc acid, obscivcd the foimation 
of a dipeptide of phenyl-alanine and prolinc Dakin 8 has obtained an 
isolettcyl-vahne-anhyd>ide fiom the hydiolysis pioduets of caseinogcn 
1 ‘ischei and Abdeihaldcn also succeeded in picpanng fiom silk 
fibioin a tetiapepiuic composed of two glycine lcsiducs united with 
a d alanine and an /-tyiosine tesiduc This compound altcady shows 
gicat similauty to the albumoscs An examination of the synthetic 
pent.ipcptidc \-lcucyl~t> iglycyl \-ty> os me pioved it to possess all the 

1 E l*ischer and AJxtciInitial, Bet , 1906, 8D, 752 , i9o7 t 40 , 354^ 3 Dakin, Bmhtm 

J x 1918, 12, 290 
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chaiactenstics of the albumoscs, lienee iL is to be assumed that the 
latter aie by no means as complex as has hilhuto been supposed 

A compound of special inteiest is the tupeptidc glutat/nom isolated 
by Hopkins 1 and shown to be piesont in the majouty ol annual cells 
It is built up of the tluee amino-acids glycine, glutamic acid (p 283) 
and cysteine This tupeptidc appeals to function as an o\ygen 
catnet, the mcicaptan gtoup in the cysteine unit leadily becoming 
oxidised to a disulphide, which may again be 1 educed to give glutathione 
(compare cysteine and cystine, p 23d) 

Properties of the PolypcptuUs 

The polypeptides aie solid subsLanccs which gcneially dissolve 
leadily in watei and veiy spaungly 111 alcohol Mixed polypeptides 
as a iule dissolve moie easily 111 watei than those built up fiom the 
same amino-acid radical The majoiity of the membeis of this gioup 
melt with decomposition at a lempcialine above 200° Wlicieas most 
of the ft-ammo acids have a sweet taste, the polypeptides aie slightly 
bittei (or insipid), theiein tescmbhng the naluial peptones Ihc 
higher polypeptides fiom the tnpeptides upwaids aie pieeipitated by 
phospholtingstic acid in sulphuuc acid solution, the piccipitalcs 
being geneially soluble in excess of the 1 e.igenl All the oidmaiy 
polypeptides immediately develop a blue 01 bluish-violet eoloui on 
being boiled in aqueous solution with pieeipitated coppci oxide A 
number of them also show the biui el reaction a 

The amino and caiboxyl gioups in the polypeptides aie capable of 
undeigoing the same teactions as in the amino acids Ihus the 
polyglycme cstcis yield diazo-cstcis on licalmcnt with nitious acid — 

II 2 NCH a CO NIICn a C0 2 C 2 II r , Ng CIICO NIICII a C'OjjCjn 6 

Glycyl glycine utcr Dn^o-nceLylnnuno irctic caicr 

Since these show the same 1 cactivity as diazoacclic estei (p 217), the 
azo gioup being leadily exchanged foi a vancty of othei atoms and 
gioups, they may piove of no small impottancc in the futuic foi the 
prepaiation of polypeptide denvatives 

Esteis of polypeptides aie much moic easily pmificd and identified 
than the patent compounds, and may be used foi the synthesis of mote 
complex polypeptides They may be piepaicd just as icadily as those 
of the amino acids, by the use of alcoholic hydiochloiic acid IXstcis 
of the dipeptides aie compaiativcly easily convcited into dilccto- 
piperazines (see p 215) on tieatmcnt with alcoholic ammonia 

1 Hopkins, Nnluit, TQ2% 445, Hunter nnd Engles, J Biol Chem , 1937, * 72 , 14/ a Ihc 
bjurot reaction, nhich is chinctciislto of the natural peptones, consists in ^tiding to the substance 
tinder investigation a sufficient quantity of sodium hydioxtde and a few drops of dilute copper 

sulphate solution The natural proteins give a blue to reddish violet colour, and the nlbumoscs 
and peptones 3 redder tint 
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The stnictuie of polypeptides may be deduced fiom the bchaviout 
of the compounds foimed with naphthalene-sulphonic chtonde When 
these ate heated with modelately dilute hydiochlonc acid, the poly¬ 
peptide chain is disrupted while the more stable link between the 
naphthalene-sulphonic gioup and the ammo-acid lemains fast, eg 

C 10 H 7 S 0 2 Nil CIL, CO NH CII(CH a ) COOII I ILO 

= C 10 II 7 SO, Nil CII) COOIUNII, CH(CII 8 ) COOII 

Fiom the examination of moie complex polypeptides it appeals 
that this is a geneial method foi identifying the amino acid attached 
to the beginning of the chain 

Synthetic polypeptides may be hydiolysed in much the same way 
as peptones 01 piolems On boiling with conccntialed hydiochlouc 
acid they aic completely decomposed into amino acids, but alkalis only 
attack them slowly, paiticulaily at the oidinaiy temperatuie 

The bchavioui of polypeptides towaids the digestive fcimenls, 
and above all towaids the paneleatic secielions, is of special inteiest 
Fischer and Abdeihalden 1 found that the action of the panel eatic 
juices depends partly on the natuie of the ammo acids piesfcnl and 
paitly on their anangement It thus vanes with the length of the 
chain and in a high degiec with the configuiation of the molecule In 
geneial only those complexes aie liydiolyscd which aie built up fiom 
optically active amino acids occumngin natuie On the othci hand, 
up to the present, five aitificial polypeptides have been tested with 
gasttic juices without any liydiolysis having been obseivcd 

Biological confiimation of the albuminous natuie of polypeptides 
has also been supplied by dncctly feeding them to dogs It was found 
that peptides wcie degiaded in the animal organism in the same 
manuci as piotcins or the simple ammo acids 8 

4 Hydroxy acids of the Aliphatlo Series 

Nomenclature —The hydtoxy acids aie deiivcd fiom the fatty 
acids by leplacing a hydiogen atom of the hydiocaibon ladical by 
a hydioxyl gioup They aic geneially designated by piefixing 
“hydtoxy" to the name of the conesponding fatty acid According 
to the Geneva nomcnclatuie then names aic formed by adding the 
syllabic "ol” to that of the paicnt hydiocaibon, followed by the word 
"acid”, foi example, IIO CII P COOII is hydro ly-acetic acid oi athanol- 
aetd I hey may also be considei cd to be oxidation pi oducls of the 
polyhydnc alcohols, as expicssed in the above case by the tcim glycolltc 
acid 

Among the hydroxy-acids we have the same possibilities of isometism 
as in the case of the chloro- and ammo-acids Similaily the position 

1 / physiol C h , 1905, 40 , 52 3 Abdcrhulden, Z physio! Ch , 1906, 4V, 159 

P 
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of the substituent with legald to the caiboxyl gioup is 1 cpi csenlcd by 
the use of lettcis, eg 

CII, CH. COOT I CH S CII( 0 II)C 001 I CII 2 (OH) CII, COOII 

Propionic Tout (t Ilydioxy propionic acid ft IJyduixj ptopioiik, tutl 

Properties —The hychoxy acids possess the chaiacteustics of both 
alcohols and acids Thus the presence of the caiboxyl gioup leads to 
the foimation of salts, csteis and amides, and the hydiogm of the 
alcoholic hydtoxyl group is also icplaceable by alkali metals ancl alkyl 
or acyl 1 adicals 

COOII COOC.IT COOII 

I 1^1 

cn a on cn„ on cti„ oc,n r> 

Gljcothcacid Fihyl glycolUle F ihjlglytollu icid 

(hydi oiyaflblc} (nol lij drolys iblc) 


The strength of the fatty acicls is inci cased by the enhance of 
the hydioxyl gioup into the molecule, the effect being the gicatet 
the closei the hydtoxyl stands to the caiboxyl gioup This is 
shown by a coinpat ison of the dissociation constants of the acids (see 

P 82 ) 

The influence excited by the position of the hydioxyl gioup is also 
cleaily lllustiated in the chffeient mannet in which watci is eliminated 
Horn /8- and y hydioxy acids 

u-IIydtoxy acids , on being heated, lose watei in such a way that two 
molecules of the acid internet, the hydioxyl gioup of each uniting with 
the carboxyl gioup of the othei molecule to fotm cyclic double esters 
known as lactides 

COOII HO CII CII, CO 0 CII CIT, 

| h = | 4 2 II)0 

CII, CH Oil IIOOC CII„ CII O CO 

rt^nydrcrty-ptopiotiic acid or 1 ictic acid I ictidc 


fi~IIyd) 0 \y acids^ when healed by themselves oi with dilute 
sulphiuic acid, gcnci ally decompose into watei and unsatuiated acids, 
the watci being formed by combination of the hydioxyl gioup with 
the adjacent hydiogen atom in the a- ot y-posilion 

cn a cii(oii) cii 3 coon ■=. cii 8 cii cii coou 1 n a o 

p-IIjdroxy buLync acid Crotomc acid 


The y- find B-hydioxy acids readily eliminate watei, oven when m 
solution at the ordinaiy tempeiatuie, and aie liansfoimcd into simple 
cyclic anhydi ides called lactones 


cir, cn> cn 2 co 
I I 

on no 

T-IIyUroty butyric icul 


CII 3 CII, CII, CO 

-o 


in.o 


BuLyiolactone 
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Methods of Formation —Hydioxy acids may be obtained by the 
following methods — 

1 Fiom halogen-substituted fatty acids by heating with walei 

ch 2 ci coon -» non = cn 2 on coon i nci 

2 By the catcful oxidation of polyhydnc alcohols 

3 By the i eduction of aldehydic oi ketonic acids 

4 Fiom amino-acids by intei action with nitious acid {cf p 133) 

5 By the addition of hydiogen cyanide to aldehydes 01 ketones 
and hydiolysis of the cyanhydtins so foimcd 

t-IICN yll H all .0 A 

CII 3 Clio --> CIL C^-OH -4- CII B C^-OII 

\CN \C00H 

Acetaldehyde Acetaldehyde cjanhyclun Lnctic acid 

6 Fiom fatty acids containing the teitiaiy CH gioup, by dnect 
oxidation with pcimanganate 

(cn 8 ) 2 cn cooii+o = (Cn 8 ) 2 con coon 

Isobutync acid n-IIydrox}-ii>obutyrio r icul 

The best known and most impoitanl of the hydioxy acids aie 
glycollic acid and ordinal y 01 fermentation lactic acid 

GUyoolllo acid, hydroxy acetic acid, CII 2 OII COOII, may be piepaicd by 
lie lting chlotoacetu. acid with watci It occius in the green leaves of the wild 
vine and in utuipe grapes The acid foims ciyslftls of nip 80, which aie lc.adily 
soluble in watei When distilled tn vacuo, watci is given oft and glycolltdo, 

/CO cn a \ 

Of pO, pioduced 

\CII 3 co/ 

Laotio Acids, O„H 0 O B 

Lactic acids aie monohydioxy dcnvativcs of pioplonic acid, 
CH, CII 2 COOII It will be seen at once that two stiuctuial 
isomcricles aie possible, accoiding as the hydioxy gioup occupies the 
a- 01 / 9 -posilion Of these, ct-hydioxy-piopiomc acid 01 oidmaiy 
lactic acid, which exists in optically active modifications, is of special 
inteiest fiom the theoietical as well as the piactical standpoint The 
lescaiches on the lactic acids, published in 1873 by Wislicenus, led him 
to the conclusion that differences between isomcuc compounds having 
the same stiuctuial foimula could only be accounted fot by adiffeienl 
position of then atoms in space, a view similai to that advanced some 
time pieviously by Pastcui ftoin his investigation into the taitaiic 
acids These two pieces of work foimcd the foundation of the theoiy 
of steicoisomeusm put foiwaid shoitly aflei wards by Le Bel and 
Van’L Hoff independently 

Fermentation laotio aoid, ethyhdene lactic acid\ laceimc a-hydi oxy 
pioptonic acid , may be obtained synthetically accoiding to the gencial 
methods described above 
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A method of piactical importance consists m the " lactic fcimcnU 
tion” of certain substances of the sugai gioup, such as glucose and 
lactose) by means of the lactic acid bacillus The foi (nation of lactic 
acid in soui milk is a consequence of this pioccss 

Buchnci and Meisenheimet have shown that this action, like that of 
alcoholic feimentation, is caused by an eivymc pioducul in the living 
micro organism, which can be sepatated ftom the living cells without 

losing its activity 1 

Lactic acid is also foimed fiom glucose, cane sugai and the pentoses 
by heating with caustic alkalis 

Preparation of x Lactic Acid—h. dilute solution of glucose is feimcnlcd by tlu< 
addition of sour milk or lipe cheese, both of which sic itch m lactic aucl biiilh, 
the temperature meanwhile being maintained at 45° to 55° By keeping within tin si 
limits the danger of alcoholic 01 butyi ic fermentation is ivoidcd As the lactic 
bacillus is veiy sensitive towards ftee acid, the fei mentation tends to ionic to 
a stand still after a short time In older to prevent this, tho laclu acid is lie ulnilist <1 
bv adding, at the beginning of the operation, milk of lime 01 a suspension of c U ilk 
or zinc carbonate By this means lactic acid is obtained in the foim of its 
sparingly soluble calcium 01 zme salt The calcium salt is then Licntccl wills 
dilute sulphuric acid, or the zinc compound with hydiogan sulphide, iftci which 
watei is evaponted off and the fiee lactic acicl obtained by distillation in vnnm 
For technical purposes the filtiate from the calcium sulphate is ev ipcmiled till the 
lactic acid content is about 50 pei cent, and the syrupy licjuicl so foimed is pt u cd 
directly on the maiket 

Lactic acid is used with potassium dicht ornate in tho dyeing 
industiy for moidanting wool, where iL is of special scivicc on account 
of its high solubility and lack of conosive action It is used by lunncis 

fot removing lime from pells, and is also employed foi medicinal and 
domestic purposes 

As may be seen ftom its formula, oc-hydioxy-piopionic acid contains 
an asymmettic embon atom Accoidmg to theoiy it should thou foie 
exist in thiee stereoisomenc foims, vi/, a dextio- and a laivo lotatoiy 
modification, and a racemic inactive compound composed of equal 
amounts of these two (seep 34) All tlucc forms die known llu 
acid descnbed above as pioduced by synthesis 01 foi mentation is tin 
racemic form, being optically inactive and capable of sepatalion into 
its active components by any of the usual methods (p 39) It fmm> 
deliquescent ciystals of melting-point 18 0 , and is 1 caddy soluble m 
watei, alcohol and ethei The ^tnc salt is only spaungly soluble m 
water, fiom which it separates with 3 rnols of watei of ciystallisntion 

Sarco laotio aoid, d lactic acid,, 01 pat a hictu acid Is the dexti o 
modification of a-hydioxy-piopiomc acid It occuis 111 meat juice and 
is most conveniently piepaicd fiom I lebig’s exliact of meat It is 
also foimed fiom lacemic lactic acid by exposing it to the action of 
Pemcillmm glaucum, whereby the /-foim is debitoyed 

1 E Buchner aud J Meisenhcinvcr, Anti l 1906, 840 , 12 5 
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^-Lactic acid is the fiisi tecognisable degiadation pioducl of glucose, 
the piesencc of which can be tiaced in the body, undci favomable 
conditions of concentiation in the livei it may be icconveitcd into glucose 
In the muscles it appeals to be foimed fiom caibohydiatc-phosphonc 
acid compounds, 1 one of which has been isolated fiom ficsh muscle 

ULactic acid may be obtained from the /-acid by lesolulion with 
stiychnme, and is also foimed by the action of Bacillus acidi laevolacitct 
on a solution of cane sugai 

Active lactic acids diffei from the lacemic compound in foimmg a 
readily soluble /me salt, ciyslalhsing with 2 mols II 2 0 

23 fchylene laotio aoid, $ hydioxy fit opt ante acid % hyduicryltc actd } CII 3 OII CII 2 
COOII, is obtained fiom p chloio 01 ft lotto ptopionic acid by winning with watei 
and silvei oxide, ox fiom ethylene cyanhydnn, CII 2 OII CII 2 CN, by hydrolysis 
It is a sympy liquid which is readily transformed into acrylic acid, CII 2 CH COOII, 
by elimination of watei 

1 ft HyUroxybiity i io a old, CII 3 CIIOII CII 2 COOII, lesults m the animal 
organism from the dcgiadation of fats and many ammo acids (c g d immo valenc 
acid, leucine) It is eliminated in laigc quantities in the mine in seveie cases of 
diabetes, and its presence in the blood is chaiactcristic of the final stages of the 
disease (see also p 183) The acid foims hygroscopic ciystals, m p 49 0 to 50°, and 
is volatile in steam, wlieicby it is decomposed to give water and a ciotamc acid 

Alouritio acid, triliydioxy palmitic acid, CII 2 OII (CII,) ft CIIOII CIIOH 
(CIIo) 7 COOII, has been isolated as a hydrolysis pioduct of shellac 1 


Lactones 


Nomenclature —As alieady stated on p 226, the innet anhydndcs 
of hydioxy acids, foimed by splitting off a molecule of watei between 
the carboxyl and the hydioxyl gioups, aie known as lactones Ihese 
anhydndcs aie foimed paiLculaily easily by y- and <S-hydioxy acids, 

which yield y- and 5-lactoncs lcspcctively A few a-> /3- and c-lactones 
ate also known 

According to the Geneva nomenclatutc, the names of the lactones 
teunmale m "olide,” eg y-valeiolactonc 01 I 4-pcntanohde The 
vanous compounds are distinguished by use of Gicck lctleis 01 
numbcis leptesenting the relative positions of the caiboxyl and 
hydioxyl gioups 


CII 2 - 

-CO 

1 

CII # - 

-CII 


\ 

/ 



Butyrohctonc 

(But'xnobde) 


Cllg—CO 


CH a — CO 


CIIj—CII—CIT, 


y-Valorolactono 
C1 4 pentnnohde) 


CII* )0 

1 / 

CII„—CIIj 

0 Vaferohctonc 
(1 5 pentanohde) 


Fot mation * —-Reactions leading to the foimalion of lactones depend 
m most cases on the elimination of watei fiom hydioxy acids, oi of 

1 G Embden and Liquor, 7 fih physiol Chew , 1917, 08,181 , G Embdcn and Zimmermann, 
ibtd , 1937, 167 , 114 3 W Nagel, Bet , 1927, 80 , 605 
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hydrogen halide fiom halogen-substituted acids, in which the hydiovyl 
or halogen occupies the position conespondmg to the paiticuhu lactone 
requn ed 

i The majonty of y-hydtoxy-acids pait with walei immediately 
at the ordinary tempeiature, even in aqueous solution, and cannot 
therefore be isolated as such But lactone foimation lesemblcs esteu- 
fication in being a reveisible leaction, consequently the change is nevu 
complete in the piesence of water, a state of cqmhbuum being set up 
between the acid on thcione hand and the lactone and watei on the olhet 


CH, CHo CIL CO 

I I 

OH OH 

7 Hydroxy butyric acid 










Butyrohctonc 


A 


1 II.O 


The mtioduction of substituent alkyl gioups decidedly favouis the 
formation of lactones 

In order to convert the hydioxy acid into the lactone as lapidly an<l 

as completely as possible, the solution is boiled with a small quantity of 

hydrochloric or sulphuiic acid, which bungs about a nnuked aeeeleia- 
tion of the change 

2 Ketomc acids containing the keto gioup in the y- m ^-position 
may be convened into lactones by means of nascent hydiogen, a mine 
or less unstable hydioxy-acid being fiist foimed As the keto-acids 
aie easily piepaied, this method is of piactical impoi lance 

CH a C CII 2 CH 2 CO 4IIg CII 8 CII CII, CHo C() 


J I 

O 

Laevuhmo acid 


OIT ~ n a° 


7 Vnlorol tclonc 


o 


This ieduction is usually earned out in alkaline solution with the aid 
of socuum amalgam 

y Aldehydic acids may also be i educed to lactones, cj> 

H C CH, 


. CII, CO 
o OH 

Aldehydo propionic 'icict 


HI, 

-IIoO 


IT,C CIf 2 CII. CO 


6 


BulyroHctone 

Many y ketomc acids aie dnectly convened „uo lactones by 
distillation, or tieatment with dehydiatmg agents Untlci these 

bond rn the 1 larfnn ^ ^ an ° l ie ‘ M1 thc l JOSlUo » oC the double 

Sf °'? tl0n W ° ' aCt0n0S ° f ■ U,gel ' C ac,d ^ th = 


CH a C=CH CH S CO 
OH Oh 

Ertolic form of laevulinic acid 
(Hydroxy angelic acid) 


* CII, C CII Clio 

' io 


O- 

a-Lactono 


and 


CII 


u 


CII CII*CII 

1 i 


o- 

P-I nctonc 


CO 
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3 y-IIcilogen-subsLitutcd acids aie also as a mle vciy unstable, and 
on formation they ficquently undcigo immediate transition into the 
lactone The leactivc biomo-acids ate genet ally utilised in this 
method of pi epai ation, valci olactone, foi example, being foimed fiom 
y-biomo-valeric acid, and caprolaclonc fiom y-biomo-capioic acid 

CII 3 CH 2 CII CII 2 CII 2 CO CII 8 CII 3 CII Clio CII^ CO 

1 1 -^ I 1 

Bi HO -O 

y Bromo caproic acid y w-Caprolfictone 


4 Lactones may also be obtained from the unsatuiated acids In a few 
instances a dnect leanangement of an unsatuiated acid into an isomeuc y lactone 
has been obsetved, a leaclion which may bo considered as the addition of the 
caiboxyl gioup to the double bond, eg 


CH 3 v j 

>C CH CII a CO „ 
CH a / ^ I " 

H—O 

Pyrotoroblo nold 


CII 8 \ 

>C CII B CH a 
CH S / [ _ 


laocaprolaotono 



Under the influence of fuming hydtobiomic acid many py and y 5 unsatuiated 
acids me converted into lactones, the unstable satuiated biomo acids fiist formed 
veiy icadily paitmg with hvdtogcn biomide 

Unsaturated acids aie mote conveniently converted into lactones by warming 
them fot a few minutes with equal volumes of sulphuiic acid and watci 

This icactioii is in eveiy way analogous to the foimation of alcohols fiom 
unsatuiated hydrocaibons uiulei the influence of aqueous sulphuiic acid In addition 
to these simple methods of foimation, lactones may be obtained by vauous synthetic 
piocesses to be described latci 

Ccitam lactones, such as coumatm and the coumanns (p 449), mo found free 
111 nattue 

An interesting eximple is ambxottolido, 1 CII 2 (CII 3 ) 7 CII CII (CIL) fi CO, 

-o— - - — ! 

a lactone with a 17 mcmbcied nng which is the odorifeiotts constituent of music 
It has been isolated fiom musk seed oil as a colomless viscous oil, bp 187* to 190° 
undei 16 mm p 1 essui e 

Chemical Ptopeihes —Owing to the stability of the lactone nng, 
lactones have in genetal little tendency to enter into chemical leaclion, 
which is not unexpected considcung then natuic as mnei esten. 

Just as watci conveils lactones into hydioxy-aetds, ticatment with 
hydiogen chlotide, biomide 01 iodide conveits them into halogenaled 
acids In this way y-chloto-, biomo- and loclohutyric acids aie icadily 
obtained fiom butyiolactone 

CH 2 CH 2 CII 2 

I , I hiix - xch 2 ci-i 2 cii 2 coon 
o-co 

Although lactones aie not attacked m the cold by alkali caibonates, 

1 M Korsuhlmnn, Uct , 1927, 00, 902 Compate also the Invoatigations ot Ruzicka 
into the constitution of civetono, Heh Chun Aria i ig;s< 5 , 9, 330, 249 
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they aie hydrolysed like all esters by fiee alkalis, with the foimation 
of salts of the conesponding hydioxy- 01 keto-acids 1 

LacLones also unite with ammonia, yielding amides of hydioxy-acids 

CH CH 3 CH a CIIOII CII 8 

\o tNH„ 

ch 2 co cii, co Nii a 


and with hydia/inc hydiate and phenyl hydrazine to foim hydia/ides 

By the use of sodium amalgam in weakly acid solution, lactones of 
poly hydioxy acids may be teduced to the conesponding aldoses, a 
icaction which is of gieat value in the synthesis of sugais 

Foj the action of at gam magnesium halides on lactones, see Iloubcn, Bet , 1904, 
o7, 1489 

6 Hydroxy-amino Aoids 

The hydioxy-amino-acids, like «-ammo- and diamino-acids, aie of 
great interest in connection with the chemisliy of the pi oleins One 
of the simplest and best known examples of this type is scune> 
CXLjOII CIINHjj COOII, which is obtained as a hyd icily sis piocluct of 
seiicin 01 silk gum 

llyclioxy-ammo-acids aie piepaied by the following methods 

1 By the interaction of halogen-substituted liychoxy-acicls with 
ammonia 

CIIjCl—CIIOII—COOII- >■ CIIjNIIo—GIIOTI—COOII 

a-I]ydio\y-£ chloro propionic ncid a Hydroxy ft ammo propionic ncid 

2 By the action of ammonia on cpihyclumc aelds 

O 

/\ 

CII,—CII—-COOII-^ CIIgNITj—CIIOII- 

Glycidic or cpihydnmc acid 

3 By the combined action of hydiogen cyanide and ammonia on 
hydioxy-aldehydes, 2 eg 

ClIjOII—CH(OII)(NII.)-^ CH,OII—CIINHjj—CN — 

GlycoU^ldeliyde aminoma 

CllgOlI—CIINIIn—COOII 

« Ammo ft liydroxy-piopioiiic acid 

(Sermc) 

The conversion of aldol by this method into the conesponding 
a-amino-y-hydioxy-valenc acid, CH B CIIOII CII 2 CIINII 2 COOII, 
takes place moie icadily than the above leaction 8 

4 By addition of hydiogen cyanide to ammo-aldehydes and 
hycholysis of the nitules so foimcd 


COOII 


CIIjOII- 


(cnoii) d — ciinic—ciio 

ciioOn— 


1 See also Stobbe, Ann , 1902, 821 , laa 
a E Fiacher, Ifet 3 1906, SG, ^37 


(CIIOII) a —CIINITCIIOII -COOII 

3 E Fischer ind I euclis, Bet t 1902, 86, 3787 
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5 By the pailial elimination of mtiogen fiom chamino-acids 1 

CIIgNIIj—CHNII —COOH-> CII,NII,—CIIOH—COOII 

aj 3 Dnmmo piopionic acid 

6 By the condensation of aldehydes with glycocoll This method, 
howcvei , is only capable of limited application 2 

7 Sorensen has developed a method of synthesising liydroxy- 
amino-acids which is closely 1 elated to his synthesis of diammo-acids 
Thus fiom y-biomo-piopyl-phthalumdo-malonic estet he was able to 
piepaic a-amino-cl-hydioxy-valcric acid 

dipil CH a CII, CH(NII a )COOII 

Serine, a-avuno-fi hydtoxy-pt opiomc actd t CII 2 OII CHNII 4 COOH, 
was dlscoveied in 1865 by Ciamei 8 among the hydiolysis pioducts of 
seucm 01 silk gum, and is of special inteiesi from the chemical as 
well as the physiological standpoint as being the simplest and fust 
known hydroxy-ammo-aetd of the aliphatic senes It was first 
synthesised by E Fischei and Leuchs by method 3 above A second 
synthesis, which peimits of the prepatation of seiine fiom teadtly 
available staiting malenals, was effected by Eilenmeyei, jun It 
consists in the condensation of foimic estei with hippunc ester, to 
give forniyl-hippunc ester I This pioduct is then teduced to benzoyl- 
seuiu estet II, which on hydrolysis with very dilute sulphuric acid 
yields setine, bctiroic acid and alcohol 

I CIIO 

I | H, 

-> CHNH COC 6 H 6 ->■ 

1 ^ 

C 0 8 Co 1 I b 

CII 2 01 I 

CIINII, ) CjlIjOH l CqHjCOOII 
COOH 

Seiine scpaiales fiom aqueous solution m slcndei leaflets, which 
on tap id heating melt in the rteighbouihood of 240° with evolution 
of gas llic acid obtained by the hydiolysis of pioteins is usually 
completely inactive, piobably owing to raccmisalion under the influence 
of the icagcnis employed Resolution of the lacemic foim may be 
effected by convciting it fiist into the /-niltobenzoyl compound, and 
resolving this by ciyslallisalion of the quinine or bmcinc salts The 
subsequent icmoval of the /-nitiobenzoyl gioup offeis no difficulty 
/-Senno is the nalmal pioduct as found in pioteins, and has been 

1 Nenbcrg nnd Silbcnnum, litt , igo}, 87 , 341 B Ertonmoycr, jun , Am, 1904, 88 * 7 , 
3 / P> C//, 1863 [i], 00,76 


II 


IICO a CJI 5 
CIINII COC 0 Ii 6 
CO.C.H, 


no 


CIIoOlI 

CIINII COCnIIj 


II SO, 
—> 


OoCJI 


2^2 


212 
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isolated ftom silk On i eduction with hydnodic acid and phosphorus, 
seune is conveited into alanine 

IsoseUna, &*hydtoxy atntno p> opwmc actd\ CHoNH^ CIIOII COOII, is most 
conveniently prepared from ft cliloro lactic acid by heating 1 with atnmonn, an 
passes on reduction with HI and phosphorus into ft ammo piopiomc acid 

Oysteine III and cystine IV are two acids standing in close 
relationship to serine 

III CIIjjSH IV C H a —S—S—CH a 

CHNPIn CKNH 3 CHNII a 

I I I 

COOH COOH COOH 

Cysteme is a thio-serme ^nd cystine the coriespondmg disulphide 
Both wete first obtained in small amount by the hydiolysis of lceiatm 
(horn) According to Erlenmeyei, jun , J cysteme may be prepared 
synthetically fiom benzoyl sei me ester by heating it with P 2 S fl and 
decomposing the product with concentrated hydiochlonc acid On 
oxidation with air it is tiansfoimecl into ^-cystine The natuial 
active cystine is foimed from /-seune ester by ticatment with PC 1 6 , 
which converts it into (3 chloio-a-ammo-propionic cstci, and warming 
the fiee acid from the lattei foi houis to ioo° with aqueous barium 
hydiosulphide Under these conditions the halogen is exchanged 
for —SII, yielding active cysteine, which aftci icmoval of excess 
hydiosulphide and addition of ammonia may be oxidised by air to 
active cystine 2 

The constitution of cysteine was originally confiimed by its con- 
vet sion into launne (see p 242) This lclationship is also of impol lance 
in the living oigamsm, since cysteine is the patent substance of taut me, 
which foims one component of an impoi tant bile acid, taurochohe acid y 
foundin ox-gail Cysteine is transfoi med into tautine by decarboxylation 
followed by oxidation HS CH 2 CH(NH a ) COOII—>HO H S CIT a 
CII a NII 2 The leveisible dehychogenation of cysteine to cystine 
plays an unpoilant pail in the bieathing piocesses in the tissues® 
\cf p 224) 

Cysteine, cystine and a thud amino-actd methionine aie the only 
known sulphui compounds enteung into piotein stiucluic Methionine 
has been synthesised by Barger and Coyne i and shown to be y -methylthiol- 
u,~ammo-btUyuc actd, CH a S CII 2 CH a CII(NH 2 ) COOH, 

1 Ann, 1904, SST, 341 0 E Fiscliei -ind Raske, Bet , 1908, 41, 893 For the pi operation 

of cyatine from wool, see ART Merrill, J Am C igai, 48, 2688 0 l 1 G Hopkins, 

Skand Af ch f Phymlogu^ X926, XO, 33 4 Bnrger Ditd Coyne, Exochem /,l92g, S3, 1417 

The acid wns first isolated by J Mueller {J B%qI Chem , I9 2 3» S8,15?) 
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XII 

Polyhyduc Alcohols 

In addition to the monohydnc alcohols already described (p 131), 
polyhyduc alcohols are known containing two or more hydroxyl 
gi oups m the molecule Only m rai e cases are more than one of these 
gioups found attached to the same caibon atom Polyhydric alcohols 
usually undeigo all the reactions quoted undei monohydric alcohols, 
although, as would be expected, the changes suffered by the latter by 
virtue of the single —Oil grouping may be repeated several times 
m the case of the polyhyduc compounds Derivatives may thus be 
Foimed which, like hydioxy-acids and ammo-alcohols, contain moie than 
one typical class gioup in the molecule ’lThese compounds generally 
possess the chai actenslics of both of the classes they repiesent 


I—DIHYDRIO ALCOHOLS OR GLYCOLS, AND THEIR 

DERIVATIVES 


Dihydtic alcohols take their name fiom glycol, the simplest member 
of the seiles, and may be derived fiom hydiocarbons by leplacing 
two hydiogen atoms, attached to diffeient caibon atoms, by hydroxyl 
gioups They aie distinguished as a-» j8-> y- or 5-glycols, accoiding as 
the hydioxy 1 gioups stand m the 1 2, 1 3> 1 4 > or 1 5 positions to 

one anolhci 

Methods of Fotuiahou —Dihydtic alcohols may be obtained in the 
same mannei as the mono-substituted compounds from the corresponding 
halogen dcnvatives, by heating them with water 01 potassium carbonate, 
or by bunging them into leaction with silver or potassium acetate 
and hydtolysing the diacetales so formed This leaction is of special 
Impoilance foi the piepaialion of ct-glycols, since the coriesponding 
1 2-dibiomicles ate readily obtained by the addition of bromine to 
olefines In this way glycol was first prepared by Wurtz 


Cll a CII 3 ■■ * " -4" ClI a Br Cn a "Br- >■ CH a OH CH 2 OH + 2 HBr 

Olhei glycols may be obtained in a similat manner For example, 
allyl bionudc combines with hychobromic acid to form trimethylene 
biomidc, which may 1 cadily be conveited into trimethylene glyco 


CII a Bi CII H CIIcjBi 

Ti nncthylenc bromide 


CHjOII CH a CH 2 OH 

Tn methylene glycol 


It has al.eacly been ment.oned on p 112 that a gflycols me formed by cautious 
oxidation of olefines with aqueous potassium permanganate> They 
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piamool (tetiamethyl ethylene glycol, formeily known ns jnnacone) The lntter on 
treatment with dilute sulphiuic or hydrochloric ncid undergoes a lemnxlnble 
mtramoleculai rearrangement with elimination of vvatci to foim pinacolone 
(originally fnmic&luie) 

(CH.XCO 3II ccn a ) 2 c on _ 1IO cii, co 
(cii 3 ^co (cn,)„c on y ccri t ),c 

Acatono Pinacol Piiutcolono 

In a similar im.nnei, by the reduction of vinous ketones, a munbei of tetia 
alkylatocl ethyleneglycols have been piepaied, which aie classed as pinacols and 
show the s ime behaviour with dilute mineial acids is pinacol itself 

More recently glycols have been obtained by the action of alkyl magnesium 
halides on diketoneSj keto alcohols, aldehydo alcohols and ehcarboxylic esteis 
Zelinsky, foi example, obtained pinacol fiom diacetyl and methyl magnesium iodide 

2CJI3 Hei 

CII a CO COCII,- > (CH a ^C(OIT) CCOIIXCIIjJb 

Blncotyl Plimcol 


PtopetUes —Glycols aie genet ally viscous, colouiless and swccl- 
tasting liquids (hence the name), which aie easily soluble m watci 
and alcohol but difficultly soluble in ether Ihcu boiling-points he 
considerably higliei than those of the monohydne alcohols with a 
similar caibon chain 

The chemical behavloui of the glycols may be deduced fiom that 
of the simple alcohols Thus the hydroxyl gtoup may be displaced 
by halogen, 01 its hychogen atom replaced by an alkyl oi acyl gioup, 
01 by an alkali metal Pnmaiy glycols also undergo oxidation Lo 
aldehyde and acid Since, however, we aie dealing with compounds 
containing Uvo hydioxyl gioups in the molecule, it is obvious that all 
these reactions may take place m two stages, as indicated in the 
following foimulm 


CHj ONa 

ch b 

ONa 

ch 2 OH 

CH, 

ONa 

Monosodium 

Disodnim 

derivative 

derivative 


CH 2 0 COCH 3 
CH 2 OH 

Glycol monoacetatc 

CH O CH O 

i i 

CII 2 OH CH O 

Glv colli c Glyoxal 

aldehyde 


CIL OCoH 




2**8 


CII 2 OC a H 


H. OH 


Glycol 

monoeihyl ether 


CIL OCoH 

Glycol 
diethyl ether 

CH, 0 COCHo 

I 

CH, 0 COCH. 


6 

J 


6 


Glycol dmcelate 

cooh coon 

CH a OH CH O 

G lycolhc Glyoxalic 

acid acid 


COOH 

i 

COOH 

Oxalic 

add 


By the action of phosphoms pentachloride both hydioxyl gioups 
aie icplaced by chlorine, giving the neutial hydiochlouc acid esteis of 
the glycols, eg CH 2 C 1 CH S C 1 , which may also be considered as dichloio- 
substitution products of the paraffins On the other hand, when heated 
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with liydiogen chloi ide oi bio nude only one hydroxyl group is replaced 
by halogen, with the production of ohlorohydrins and bromohydrlna 


CII, Oil 


1 H HC 1 

= 


CII 2 Oil 


CH 


CH 2 Cl 

+ H,0 

t OH 

Ethylene chlorohydrin 


It is an easy mattei to replace the halogen in these halogenohydrms 
by othci gtoaps such ias NH a 01 S 0 3 H, and they are thetefore utilised 
in piepanng the majonty of glycol denvatives When treated with 
cilhalis the chloi ohydrms split off hydrochloric acid to form alkylene 
oxides, which aie innei anhydrides of the glycols 

CHoCl CH 2V 

| a = | No + hci 

CH a OH CH/ 

Ethylene oxide 

II y means of deliydiating agents, such as P 2 0 6 and zinc chloride, 
the jQ-, y- and <S-glycols are also dnectly tiansformed into cyclic oxides 
of the same type 

Ethylene glycol, glycol , ethan-chol, GH a OH CH 2 OH, is formed 
accoidmg to the methods alieady described It is an oily, colourless 
liquid, bp 197 5° and sp gr t 125, which is miscible with water and 
alcohol but only dissolves sparingly in ether On oxidation it yields 
glycolhc acid and finally oxalic acid 

Considciable amounts of glycol aie used in admixture with water, in ordei to 
prevent the lattci fiom fiee/mg , foi a similni reason glycol dimirate is sometimes 
added to lnitoglycenn Ceitain ethers and oiganic esters of glycol, especially glycol 
mono eihyl ithet and qfycol diacctatc y are employed as solvents for cellulose esters 

Among the denvatives of dthydne alcohols the most impoitant of 
the halogen and ammo compounds aie described below Oxidation 
pioducts aie dealt with latci in another section 

Qlyool cliloiohydt'in, ethylene chloiohydttn, CH 2 C 1 CH a OH, bp 
130°, formed by leading liydiogen chlonde into hot glycol, or ethylene 
into aqueous hypochloious acid, is a liquid which is miscible in all 
pi 0^301 lions with watci When treated with potassium cyanide it is 
con veiled into ethylene cyanhydun, CII a CN CH 2 OH, the nitrile of 

cthylenc-laclic acid 

Elthylono oxide, | >0, is foimed by distilling the chloiohydiin with sodium 

Gils/ 

liychoxide Ijq ]\s at 13 0 , possesses an etheicil smell and Ins a iruiked tendency 

to unite with n vanety of substances, combination being accompanied by the 
luptuic of the ling, consequently it is fiequcntly employed as a stalling material 
fot the picp'u alien of othci compounds Foi example, m the piesence of water 
it combines with ammonia and amines to form hydioxy ethylamme bases Alkylene 
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oxides and their substitution pioducts may also undcigo intramoleculai rcauangc 
ment to yield aldehydes, eg, 


C e H 0 \ 

)C ch 2 o 
c s h b / I_I 


Dipbonyl ethylcna oxido 


> >CH CHO 

C S II 0 / 

Dipbonyl acetaldehyde 


Amines derived from Dihydiic Alcohols 
(a) Monoamines, Hydroxy aikyi Bases 

Hydioxy etliylamlne, avnnoethyl alcohol , CII a OII CH fl NH 0> ts the mttogcnous 
base of many phosphatides, eg of the kephalms (see p 192) It is pioduced dining 
the pnti eviction of serine m the absence of an (undci a thick layei of puaflm), 1 
and is best obtain eel by the combination of ethylene oxide with ammont 1 m aqueous 
solution It is a viscous, stiongly basic liquid, bp 171 0 



O^NH 3 


CH a OH 
CH a NH a 


In a simtlm marmei di hyclroxyethyl amine, (IIO CII^ CII a ) 2 NII, and tii 
liydroxyotliyl amine, (HO Cir a CH a ) 3 N, may be piepaied When pnmaiy mil 
secondary amines aie employed instead of ammonia, the leaction with ethylene 
oxide leads to the foimation of hydroxyethyl alkyl mimes, 3 IIO CII 3 CII 2 NIIR 
and IIO CK 3 CH b NR 2 Dimctliylamme, foi example, leads with ethylene oxide 
to foirn hydroxyethyl dim ethyl amine, HO CII 2 CHj N(CII g )o, which of 
mteiest as being one of the fission pioducts of the alkaloid moiphine (see index) 
Hydroxyalkyl amines may also be obtained by the application of the Gugnaid 
leaction to ammo esters, 3 eg y 


OflII 0 MgBr C.HjV 

H a N CH a — CZ - >■ H a N CH.-rC Oil 

\OC a II # Cjllj/ 

Qlyolno oator DlpLonyl hydroxyothylnmliio 


(C a H,) s N CH a -C^° 

\oc 2 h 

Dlothylamlno acotio estor 


C 3 H p MgBr 


CoII„\ 

(C a H 8 ) 2 N CfloAc OH 

C a lf c / 

Dlothyl hydroxyobhyl dlothylaralao 


The above mentioned di hydioxyethyl amme is closely iclated to morpholine, 1 
compound which was founeily of inteiest in connection with the constitution of 
moiplmic Morpholine is the mnei other of di hychoxyethyl amine, 

HO CH a CH fi NH CH a CH a Oil CflTcH^H Cri a ^CII 3 

Dl hydroxyethyl amine Morpholine 

anti may be prepared by heating the lattei to t6o° with 70 pei cent sulplnu ic ncid, 
111 the same way as the 8 glycols may be conveitcd into then anhydudes It is 
a strongly basic liquid, bp 138° As will be seen later, the ide t a that the alkaloid 
morphine is tienved from this substance has been abandoned 

From aminoethyl alcohol it is possible to piepare nininoethyt ether, NII 2 C II 3 
CII 3 OC 3 n s This is one of the simplest of the etliei bases, and may be obtained 

1 F F Nord, Btcthem Zatsch , 1919 , 05 , 281 1 The hydroxy-alkyl bises aic sometimes 

known under the name of kydi amines, and the hydioxy-dnlkyl h:inc 3 ns alkammes Paal and 

Weidcnkaff, Ber , 7906 , SB, 810 , cf also C, 1906 , 1 , 1584 , 1586 
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by liCiiting ammoelhyl alcohol at 150 to 160 0 with concentrated hydiochlonc acid, 
when it is convei ted into p cliloio ethylamme hydrqchlonde , this on being fmther 
treated at 150 to 160° with a solution of sodium ethylate yields the ammo ether 

H 2 N CH e CH„ OH - IIC - > H^N CH a CH a Cl 

Aminoothyl alcohol p Ohloro othylamine 

NoOOaHp 

->- H a N CH* CH £ OC a H„ 

Aminoothyl other 

Ammoelhyl cthei is a very mobile liquid with a strong smell and an alkaline 
reaction It mixes with watci, alcohol and ether m all pi opoi lions, and the majority 
of its silts arc leadily soluble in water 

Ulmethylamt no ethyl ethoi, (CII 3 )*N CH 2 CH 2 OC a H 6 , is also of interest, 
having^ been isolated by Knon as a dtsiuption product of the alkaloids morphine, 
code me and thchamc It is fanned by the intei action of dunethylamine and 
lodo cthci, 

H/X 

(H 3 C) a NH 4 I CH 3 CH fl O C a H 0 -^ "> N CH a CH 2 O C 2 H 5 

H 3 C/ ^ /\ 

H I 

or by double decomposition between chloioethyl dunethylamine and sodium 
elhoxide, 

H a C\ H 3 G\ 

yN CH a CII fl Cl+NaOCJH* =: >N CH 2 CH 2 OC a H 6 +NaCl 

H 3 C/ 

The bise boils at 120° to 121 under 750 mm piessuie 

Closely 1 elated to hydioxycthylamme is choline , which is of great 
importance physiologically 

Choline, hyd)o\ycthyl U wiethyl-ammonmm hydioxide , bihnettnne, 
HO CH, CH a N(CII b ) 3 OH, is a compound veiy widely distributed 
in plant and animal oigamsm, and is piobably a constant product of 
plant life which is neccssaiy foi the building up of all plant cells The 
name choline was suggested by Stieckei, who discovered the substance 
in the bile of cattle and swine 

Choline occuis as a constituent of lecithin in the brain and in egg 
yolk (sec p 192) It has been obtained as a disruption product of the 
alkaloid sinapme on ticatment with baryta, and may also be prepared 
fiom seeds 

The constitution of choline is shown by its hydrolytic pioducts— 
a conccnlialcd aqueous solution of the substance decomposes on 
boiling into Uimcthylamine and glycol—and also by its manner of 
foimabon It may be obtained synthetically by heating trimethyl- 
aininc with ethylene chloiohydnn, 01 by allowing trimethylamme and 
ethylene oxide to icact in aqueous solution at oidmaiy temperature 

CH, V XH a CH 2 OH 

| >0 + N(ClI 8 ) 8 + II 2 0 - (CH 8 ) 8 N< 

CII/ x OH 
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Cholme is a non-ciystallisable sympy liquid, deliquescent in an an 
miscible in all proportions with water It has a stiong alkaline iea c ion 
and little physiological activity On oxidation it is converte in 
betaine (see p 218) 

Mueoarlne is the poisonous principle of the fly Amanita miiscatia, an t „ 

related to cholme, although its constitution is not yet established wit t formula 
Possibly it is a dihydroxyethyl trimethyl ammonium hydioxide 0 e 

(HOJaCH CII* N(CH 3 ) 3 OH dry 

N DimebiiyI vlnylamlne, CHj CH N{CHa)>i has been obtain \ nc h with 
distillation of neurine chloride 1 it is a mobile liquid, bp 37 to 30 , w ea ^ 

lcids is decomposed lapidly into acetaldehyde and dimethylamme It saou 
tendency to polymerise, forming a white solid mass 

Neurin.0, v 1 uyl-trimethyl-ammontum hydioxide, CH 2 CH N(CH 3 )sOH > 
was discovered together with choline in 1865, by treating the ram 
cattle with baiyta-water It is produced during the putte ac ton 
choline, or 011 boiling the latter with baryta water Neurine is a 
found among the ptomaines foimed by the putrefaction o pt° el _ ’ 
paiticulaily m dead bodies Unlike choline, to which it is so cos 
lelated in constitution, neunne is a poweiful poison® 


(d) Alky 1 ene Diamines 

Alkylene diamines are an interesting series of compounds wine1 
may be denved from glycols by the replacement of both xy ioxy 

groups by ammo groups 

They may be prepared synthetically by the methods used or y^ 
amines (pp 158 et s&q~) y eg by the action of ammonia on a <y ™ ^ 
bromides, C,H n „Br„ ( or by the leduction of alkylene c y a ^“ ’ 
C n H 3ft (CN) 2 ‘ Certain diamines are also formed duung the putiefactioi 

of fleshy etc 

They are liquids or low naelting solids of strong basic propel > 
which by loss of ammonia leachly pass into cyclic lmides 

Ethylene cU amine, NH 2 CH a CH s NH a , may be obtained together with other 
pioducts by heating ethykne dibiomide to 100* with alcoholic ammonia 

Br CH a CH a Br + aNH a = NH S CH 3 CH fl NH a + eHBr 

It melts at 8 and boils at ii 6°, and unites with watei to form a hydrate of m p i° 
and bp 118 0 When the hydrochloride of ethylene diamine is heated it is convened 

into pipei 17 me 

, , , CH„—CH av 

Diethylene diamine, ptpeiasme , hexahya-yo- 

pyrazine y ^CH 2 — CHa^ 

is also pioduced by the leduction of pyiazine It is a stiongly basic 


1 K II Meyer and H Hopff, Ber, 1921, B 4 , 2274 3 For the manner in which Hie 

physiologicil activity of cholme, neurine and allied compounds is related to their diemicil 
constitution, compare E Sehmidt, Ann, 1904, *W, 37 a ' method of synthes.sniff 
diammee by the elimination of C 0 9 from diamino dicarbctylic acids and diamino monocarboxj 1 1 c 

ncids, cf C Ni.ulx.rg, Z physiol Ch , 4B, ito C, I 90 S 1 II, 4^3 
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compound, m p 104° and bp 145°, which is soluble m watei Pipetazme 
foims a 1 caddy soluble mate and was foimcily used as a idhiedy foi 
lheumatism and gout 

Tetramethylene diamine, puttesctne, 1 4-diamino-butane, 

NII a CII 2 (CH 2 ), CII 2 nh 2 

is fotmed by the pulicfaction of flesh and of ornithine (sec p 219) It 
is found togcthei with hyoscyamine in Hyoscyamus muttcus, and may 
be piepaied by the 1 eduction of ethylene cyanide, 


NC CII, CII 2 CN + 8II = II 2 N CII, CII 2 CII 2 CII 2 Nil, 

01 bettei of 8 phthaliinido-«-bulyionitnle 1 It melts at 2®®®* when 
heated loses ammonia and is convened into pyrrolidine 0 (pfl/ydt o 


pyrrole 


CII 2 —GEL Nil 


H„—CPI 


» Nil, 


II 2 C—CII 2 
II 2 C—GH a 

Pynohdine 


Nil + Nil 


Pentamefchylene diamine, cadcivet tne y i g - dtamtno - pentane^ 
NH a CH 2 (CH a ) s CH a NH a , is of physiological inteiest, as it occurs 
among the ptoducts foimed by the putrefaction of piotems and is 
theiefoie picscnt in the body aftei death It may be obtained 
synthetically by the 1 eduction of tnmethylene cyanide, CN (CJI 2 ) S CNv \ 
A moie convenient method is to tieat benzoyl pipcndine with 
phosphoius pentachloi ide and to leplacc the halogen atoms in the 
resulting 1 S-dichloio-pentane with amino gtoups, as indicated on 
p 647 1 his pioccss is rcveiscd when pcntamethylenc diamine hydio- 

chlondc is heaLed, m which case ammonia is split off and piperidine 
or hcxahydio-pyiidine foimed 

CII, CII 2 NII 2 CI-L_CH a 

II 2 C<^ = II 2 C<( )>NII I NII a 

CII 2 CII 2 NIIa CII 2 CII 2 

Piperidine 

CHjj-—NII 2 CII a —NH 8 

Tam*Ino. ammoethyl 'mlphonic acid, I 01 I | may 

CH a SO s II CIIa—SO a 

be mentioned in connection with the above ammo compounds It is 
found combined with cholic acid as tanrocholic acid in ox-gall (hence 
the name lain me) and in the gall of many other animals It is best 
prepaied fiotn the abalone, Ilahotis , a mollusc which occuis abundantly 
on the Pacific coast 8 Synthetically it may be obtained from 
chloioelhyl sulphonic acid, CH^Cl CII 2 SO B II, by treatment with 
ammonia It is a crystalline compound which melts with decom- 

1 W Keii, j Set , 1926, ED| fl8i6 11 C A Schmidt and f Wnt-son, J Biol Chen*, 1918, 

88, 499 

Q 
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position at 240° Nitious acid converts it into tsethiomc and 
(hydioxyethyl-sulphomc acid), CH s OII CH 2 SO s H In the animal 
organism taurine is foimed fiom cysteine by oxidation and elimination 
oi carbon dioxide, 

HS CH, CH(NH S ) COOH-^ HO,S CH 2 CH 2 NII 2 . 

II —-TRIHYiDBIO ALCOHOLS 

These compounds contain thiee hydroxyl groups attached to time 
different caibon atoms They may be prepaied fiom unsatuialcd 
monohydric alcohols, eithei by treating with bi online and heating the 
lesultmg dibiomo-alcohols with water, 01 by cautious oxidation vvilii 
alkaline permanganate solution Their chemical character may be 
deduced fiom the presence of three alcoholic hydroxyl groups in 
the molecule, which can be btought into icaction individually 01 
simultaneously to fotm etheis, esteis and othei denvatives (p 23d) 

Glycerol or glycet tne, CH B OH CHOIT CH a OH, is picpaiul 
technically in laige quantities by the saponification of fats duiing 
the manufactuie of soap and free fatty acids (p 190) It Is most 
easily obtained in the puie state when the saponification is effected 
by means of steam The ci ude glyceiol is putified by steam dislilla* 
tion, decolonsed with animal charcoal and finally concentrated under 
diminished pressuie 

Glycerol has lecently been prepaied technically by a fei mentation 
process 1 Investigation showed that the usual piopoitions of the 
products formed during the fermentation of sugar with yeast may 
be gieatly influenced by the presence of substances of an alkaline 
reaction Thus the addition of salts such as disodium phosphate, 
sodium acetate, ammonium caibonate and sodium or magnesium 
bicaibonate to a 10 per cent solution of sugai, which is subsequently 
feimented with yeast at 30° to 3 5 leads to the foi mation of consider* 
able amounts of glyceiol Alkaline solutions of this natuie, howovci, 
provide an excellent nutrient medium for the development of all 
kinds of bacteria, particularly lactic bacilli These not only use up a 
large proportion of the sugar, but also lead to the production of impute 
glyceiol which can only be puiified with great difficulty This defect 
was finally overcome by employing disodium sulphite as the alkaline 
salt A concentration of 90 per cent sulphite (calculated with respect 
to the sugai) is sufficient to kill off or hindei the piopagation of the 
lactic bacilli present, and in addition the sulphite has been found to 
be specifically active m the formation of glyceiol With mcieasing 
proportion of sulphite the alcoholic fermentation of sugai is influenced 
in such a way that.tlie pioduction of alcohol and CO z diminishes, while, 

1 Connstem and LUdeeke, } 19rg, 53 , 1385 C Neubcrg, Bwchem /eilsck t 1916* 78, 
238 , 80 , 365 , 02, 234. (tgiS) 
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on the othei hand, that of glycerol and acetaldehyde increases The 
yield of glycerol uses from 23 1 pel cent with the addition of 40 pei 
cent Na a SO a to 36 77 pei cent with the addition of 200 pei cent 
Na 3 S 0 3 Equally good lesults are obtained by the use of othei sugats 
01 of molasses, 01 of diffuent types of yeast Anothei advantage is 
that the same yeast may be used ovei and over again with undiminished 
yields, although fiom time to time a ‘ [ iecupeiative“ feimentation 
without the addition of sulphite is recommended Dui mg the glycerol 
feimentation ovei 10 per cent of acetaldehyde is foimcd as a by¬ 
product This is due to the sulphite teactmg with escaping cat bon 
dioxide to give bicaibonate and bisulphite The latter then combines 
with the aldehyde to form the bisulphite compound, which is not 
futthei attacked by yeast With the aid of this piocess, which can be 
opeiated without difficulty on the large scale, Geimany was able to 
manufactuie duting the war moie than 1 million kilograms of glyceiol 
pei month The technical yield of glyceiol amounts to 20 to 25 per 
cent calculated on the sugai employed 

Glycerol is also produced fiom sugar in the animal organism 
As glycerol is an integral component of fats this explains the manner 
in which caibohydiates aie stored up 111 the body in the foim of fats 


A reaction of theoretical inteiest is the formation of glyceiol from allyl alcohol 
by oxidation with peimanganate, CH 2 CII Cir a OH CIIpIl C 1 IOII CII 3 OII 
Glyceiol has also been synthesised fiom acetic icid, which nny be built up fiom 
its elements in a variety of ways, eg , acetylene + watei —aldehyde —acetic 
acid The acid wis first converted into acetone, and thence thiough isopiopyl 
alcohol, piopylcne and trichloio propane to glyceiol, as in the following scheme 


COll 

A 


II 


Acotlc ftoltl 


OK 


cn a 

Ao 

I 

cn s 

Acctouo 


Reduction 
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CII 

A 
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nci 


OJilotrinfttion 


CI 3 «C 1 

Propyl one oh tor Ido 


Cll 
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/11OI 
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CII, 
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cn a ci 

I *“ 

CII Cl 
CII a Cl 

Trichloio propane 


IlflO 
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CII 
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II 


Olh 

Propylon 0 
UI 2 OII 

CII on 

CllgOII 

Glycerol 


In the pure state glyceiol is a colourless viscous syrup of sweet taste 
(from which is denved its name) and of specific giavity 1 265 at 15 0 
It bolls at 290° at the oidinary pressuie and at 170° undei 12 mm 
At o° it giadually solidifies to transparent ciystals which melt at 
17° It is miscible in all proportions with walci and alcohol, but is 
insoluble in ether Glyceiol forms soluble alcoholates with alkalis 
and othei metallic hydroxides, and when heated with dehydrating 
agents yields acrolein, CH a CH CHQ As has already been seen, 
glycerol is the stai ting-point in the preparation of a number of organic 
compounds 
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On caiefii! oxidation with hiuimnc <» mint acid, ('ly<<*n>l 11 
c unveiled into (flyceiost, llu* main constituent of which is titlndiox i- 
fUt'/orn , ( II,011 (Of 11,011 Under llu influt net of diluti alkali, 
the I.iltei polymui 1 st s to a snqai atro\t } < rt IT,,<> w 

Most of the {flytuol in.inufacUued is convttltd into mtioyh <» i nn , 
but a small piopmlion is utilised in tin pi estivation ol such aiUtlt « ol 
food .is it quin to lx kept moist (finds, t tc) Ollui il u s to \\ bli li it is 
pul intitule thi manufailute ofiosmetics ami skin pit paialinn tohmi 
pinitiiitr and Hie piodiution of shoe blacking 

Smu a ini\Line of f'lyceiol and waits dots not itaddy lue/t ot 
tvapoi.ilt*, it is employ id in this foim in (.'as metei i and nilit i 
insltti men is tonlummtf a Injuid stal, whith ait' mtessaiily e\pnul 
to exlmnes of lempcialuit 

Nttroglyoorlno, glycnyl tnmtKitc> C u lf B (<) NO,), is obi.umd In 
Liuulmi; tflyu 10 I with a nilxlme of niLu< and sulpluuii m ids 

< ,ir B <nu) s 11 un<) t , . c,n t (uN() ( )„ i di n 

Llu* nanu mtic>('ly< t nn< is misUaditi^, as tin (nin[nnind il dt aula « 
is no mUo (ompnund lml an estei of mint and, uhitli is lijdndyad 
with alkali t m tin* noimai manmi lo^ivt {'lyteiol and a nit lallu nituili 

Ja tin, (n,(nu,ittm of mfhujyti.uni' pint* nnhythoiis (dytntil ik iiildul m i lion 
itit am, willi 11 mu i mo us slitimg, to a will moled inixluu of mtiii and ’mljilimo 
and i ilu ion turn pi metds best at -n' to 25", and the (t nipt iiilittr imi t imt hr 
allowed la rise above 30 When interaction is (omplctc, die slmmp is dis< oniumrd 
mul tin liquid scpnatis into two layeiH flic uppci layci ol allmq!)i n me is 
rim oil into an apparatus win it, it is washed with waici until fit a hum n id 
llu* I mm Kiyei tnnsisls of HUlphutir and and the cmcms of nllra andj n n 
allowed la stand a ft w days, duiing width the last limes of nilto^lyt ei me sepal lie 
mil, and aftci d< niiration ib walked up for sulpbntlc at id 

the nitnij'lytt line is aguti washed with n solution of Miilnua tarlmniie, tad 
fin dly tint d by hlliiuinn tbimqji t alt nud soda 

In llu pun slate mlioj'lyt 11 iiu* is a heavy, t olnuih ss oil td *-p i;i 1 f* 
It lias a swiet taste and is poisonous, its vapoiu piodiunq; luadatlu, 
vulij'o and loss of < oust lousncss II is only spaimgly soluble in uatn 
hut dissolve s 1 eat lily in nltohol, lit iiAiie andelht 1 At low tempi loluit < 
it soluliiu s to needlo-shupul t lystals which melt at 11 

NiUotflyceimo bums quietly If ignited in small quantities, hut 
explodes violently when mpidly healed, 01 on Insiif.' stimk ot 
detoimled with meituiy fulminate 'I ho decomposition punt id* 
accoiclnif' to the equation 

2r tt [r r ,(ONo J )„ . ft('o a i sii a o i an i o 

In llu* pun* stale the compound is not adapted im ('eneiul u a* ns 
an explosive, owuq' to its fluid tmlutc mul extrenu sensitivem ss to 
mechanical shock Further, the shallotI iir tapidity with which the 
explosion is completed lendeis it useless as a piopellant foi aildhty 
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Tn 1867 the Swedish chemist, Alfied Nobel, fust showed how mtro- 
glycci me could, by admix tut c with othei substances, be handled and 
used with safety When the liquid is mixed with about one thud of 
its weight of kieselguhi—a fine siliceous eaith—it foims a plastic mass 
of the consistency of putty, known as dynamite, fiom which charges of 
definite weight are icadily made In this case the kiesclguhr functions 
merely as an indifferent medium of dilution Appaiently the particles 
of mtioglyceime are sepaiated from one anothei by the veiy finely 
divided kieselguhi, thus slowing down the speed of decomposition 
and allowing the effect of explosion to be calculated Further, undei 
oidmaiy conditions dynamite is not liable to be exploded accidentally 
In some countries, notably Ameuca, wood pulp or wood powder is 
substituted foi kieselguhi Dynamite is employed m blasting but not 
as a piopellant foi piojectiles, since the walls of the gun aie not capable 
of withstanding the sudden impulse For mining pui poses m Gieat 
Britain dynamite has very laigely been displaced by other nuxtuies, 
such as blastmg gelatine (mti oglycei me with 7 to 10 per cent of 
collodion cotton), and gelignite oi gelatine dynamite 

In the year 1889 Nobel succeeded m adapting mti oglycei me for 
use as a smokeless piopellant. powder by mixing it with mtiocellulosc 
(p 319) Accoicling to Nobel’s process, equal pails by weight of these 
two substances arc intimately mcoipoiated with one another, and while 
the mass is still plastic it is foimed into cubes, rods 01 other regular 
shapes In the pioduct so obtained the components exist in the foim 
of a solid solution, and as a lesult of the homy consistency of the 
material it decomposes compaiatively slowly on ignition The best 
known mtioglycerine powdei is cordite , composed of 65 pel cent 
nitiocellulose, 30 pel cent mti oglycei me and 5 pei cent vaseline 
Nlti oglycei me is also utilised to a small extent in medicine for 
asthma, and in cases of poisoning by catbon monoxide or coal gas 

III —HIGHER POLYHYDRIO ALCOHOLS 1 

A repi esentative of the tetruhydric alcohols has long been known 
in erytlipifcol, CII a OH CHOH OHOH CH 2 OH, which occuis 111 the 
fice state m nature and in the form of erythnn (the etythnlol ester of 
orselhmc acid) in many lichens and algae The natural pioduct is the 
inactive modification, identical with that obtained by the 1 eduction of 
af-erythiose Erythritol foims large clear crystals of rap 120 0 and 
lias a very sweet taste. It dissolves readily in water, only with 
difficulty in ordinal y alcohol, and not at all in ethei Its constitution 
as a normal stiaight chain derivative follows fiom its conversion into 
^-secondary butyl iodide on reduction with hydriodic acid 

CH 2 OH CIIOII CIIOH CII 2 OII- > CII 8 CHI CII 2 CII, 

1 These contain asymmetric atoms, which are indicated in the foinuilfc by heavier type 

Q2 
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Nitric acid converts it into the nitric estei, C 1 H 0 (ONO i ) 1 , also known 
as mi) o-ei yihtitol, which like nitroglyceiine is a powciful explosive 
On oxidation it yields fiist crythiosc^ a mixtuie of the mono¬ 
aldehyde, CHgOII CHOH CHOI -1 CHO, and the ketone Clip 11 
CHOH CO CH,OH, and finally etythronic acid (tuhydioxy butync 
acid), CHpH CHOH CHOH COOH 

Among the pentahydric alcohols or pentitols the best known 
repiesentatives are arabitol, xylitol and adonitol Ihcse all possess 
the constitutional foimula CHpH CHOH CHOU CHOH CIipiI, 
containing two asymmetric caibon atoms, and aie stcieoisomci ic with 
one another A homologue of this series is ihamnitol, CII a (CIIOII)j 
CHpH, which is formed by the reduction of i ha in nose 

Hexitols, ot hexahyduc alcohols, are of lmpoi Lance not only because 
they occur extensively m natuie, but also on account of then close 
ielationship to the simple class of sugais known as hexoscs I lu 
latter are aldehydes oi ketones conesponding to the hexahyduc 
alcohols, into which they may be converted by i eduction with sodium 
amalgam Considering their similaiity in stiuctuie, it is not smpiising 
to find that the hexitols and the hexoses possess many piopubcs in 
common, such as sweet taste and solubility in watei Thice alcohols 
of this class may be mentioned, mannitol, dulcitol and soibitol, which 
are all stereoisomeudes of the formula 

Cirpil CHOH CHOH CHOH CIIOII CII 2 OII 

Oidmaiy or r/-manmtoI occuis widely distnbulcd in the vegetable 
kingdom, being found especially m manna, the evapoialcd sap of the 
manna tree It is prepaied fiom this souice by extraction with hot 
alcohol and subsequent ciystalhsation It is also foimcd duimg the 
mucous feimentation of cane sugai, and may be obtained aitificially by 
i educing (/-mannose oi (/-fructose with sodium amalgam 

c B n 12 o 0 +— CqHjPq 

d Mannitol crystallises m needles or prisms melting at i 66 a 

1 Mannitol and i mannitol are obtained by the reduction of / mid ? mannose 
respectively ; Mannitol was the starting point in E Fischei’s synthesis of glucose 
mid fructose 

Dulcitol, mp i88°, is optically inactive and occurs chiefly in dulcite m uma, 
from which it is prepared It is also formed by the reduction of lactose and 
of d galactose 

d Sorbitol* C^HnOd+HgO, is present in the berry of the mountain ash, and 
is foimed by the reduction of glucose, or togethei with mannitol fiom fructose 
The anhydrous compound melts at no 0 



GLYOXAL 


247 


XIII 


Dialdehydes and Diketones 

These interesting compounds ate valuable staiting-points foi the 
synthesis of vaiious cyclic deuvalives They may be piepaicd by the 
catalytic 1 eduction of the coiresponding acid chloi ides* 1 using hydrogen in 
the presence of finely divided palladium Only two of the dialciekydea, 
namely glyoxal and succinchaldehyde, will be dealt with heie 

II c o 

G-lyoxal, oxaldehyde , difoimyl \ is foimed by the cautious oxidation of 

II C O 

ethylene glycol, ethyl alcohol, 01 acetaldehyde with mtnc acid/ and exists m foui 
modifications 3 Poly glyoxal [(CIIO) 2 ]» t the fust of these to be known, was 
discoveied in 1865 by Debus, and is the foim obtained by the ibove methods of 
piepmation Monomolooulai glyoxal, CIIO CIIO, was fiist isolated by heating 
poly glyoxal with phosphoms pentoxide It is a solid which melts at to a yellow 
liquid of b p 51 0 The vapoui possesses an intense emei ild gieen colour, and on 
condensation yields at fust a gieen liquid This substance can only be picscived 
for a few horns, and even when kept in a strong fieezmg mixture lapidly polymenses 
to pax a glyoxal, an insoluble modification of unknown moleculai weight A solid 
tiiinoleoulax foim [(CIIO)J 3 his also been discoveied, which in the uihydious 
state is leadily soluble and chffeis fiom the variety found by Debus in lapidly 
inducing Folding's solution As would be expected, glyoxal possesses a stiong 
aldehydic cliaiactor It combines, foi example, with two molecules of sodium 
bisulphite to give ciystallme glyoxal sodium bisulphite, CalloOstSOgllNa)? hHoG, by 
means of which it is usually isolated With concentiatecl ammonia glyoxal yields, 
among othei products, a cyclic base giyoxaline, of the foimula 

CII—Nil 

> u 

CII—N 

which melts at 90° and boils at 263° This is the parent substance of the glyoxtilmes 
01 twitmsoles , and is of unpoitance m connection with the constitution of the alkaloid 
pilocaipmc and of ceit.im othei natuial pioducts 

Suooindialdehyde, CIIO CH 2 CH 2 CIIOj is foimed when succin- 
dialdoxime—obtained by the intei action of pytrole and hydroxylamine 

HNOo CH 2 CIIO 

+ =| + 2 N 2 0 + 2lI a O 


CH 2 CH NOH 


CH n CH NOH HNO 


2 

Succmdialdoxmne 

H a C CH CH g CH 2 CH 

Dnllyl fI 5-he\-idiene) 


ch 2 
ch 2 cho 

S ucci n d laldehy do 


CH 


Ozone 


2 


H S C 


CH CH n CH, CH-CH 


Heating 






with water 


o 


3 


o 


D tally 1 dio?ontde 


1 K W 
14 ,2685 


Roaenmund and co workers, Ber , 1921, 64 , 2888 , 
a Harries, Be) , 1907, 40 ,165 


O CII CII 8 CH a CH O 

S u c undi aid chyde 
1922, 65 , 609 9 Bet , 1881, 
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—is tieated m aqueous suspension with nitious acid 1 , it may also l» r 
obtained fi om diallyl, ( JI n ( II ( II, ( II, ( II ( II„by In atimul with 
o/onc 2 Diallyl is |>i t |J«u t'd by the action of sodium on all) I iodide 
1 m om the lattu it action it follows that diallyl c, I <;-h« \adic m 
I’hc duuetal of mutndmldehyde is pioduccd dining the thtiiolj is 
of the polassnun sail of ft diclho\y-pn>piom< aud, 


IC [ () CO *Crij C’lIIOf jlld, 
KjO CO jCII, CIKOCjII,), 


’*11.0 ■ 


ni, < ii(or 4 n fl )j 

i)i if t ml uf 
mm umli iltlt lijtk 


i *M>n i 1 ( 0 ( 111 j 


On hycholysis, the acoLal yields the fuo dialdehyde 

SuccmdialcKhydc exists in a monomoleculai llcjuid fomi and m a 
polynuuc viliecms modificalicm 'lhe fount i is a colouiltss ml uhnh 

boils at gG” undci 85 111111 piessmt, and veiy ltadily undupm ; 
poly met isalion 

lly means of sncundialdtliydc il is possible u» pass m a Minplt 
innnnci fiom an aliphatic compound to the thiei Lypltal !u loioi) < In 
compounds finano, pyiiole and thiophene 


Mimlnulicm uf 11^0 


ni J ^t;no 


JL,—CIIO 


WmmliiK with Nil, 


Ueitln^ wHU I 1 ^ 


’ > 


mswuiuyciic compounds, see // optmme, p (jHo (R Robinsun / ( s 
1917, in, 762) 

DIKHTONHIS. 

Nomcnclatmc —Accoiding to the* iclaim positions of the >< O 
gpoups, these compounds me distinguished as «<- 01 i '►-dlkelom . 
containing the gioup C’O CO , ft- m i 3-dilcelones containing tin 
gioup CO CU aj, y. 01 1 4 dikoloncs containing the gmup 

uu cii B C li^, CO, and so on In some cases names aie also hi 
common use which icpicsenl «-kctones as foimed by the union id 

Au» .^osTaiB/Jir' l9QI ’ 84,1488 * I1J02,5S ' l,8 3 » I90f'. 80,3fi70, 1908,41,q<X| « 
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pvo acid lad,cals R C0-, and 0 . ketones as acyl - aubstitrtad 

Eh."S> Ik coch, CH> C0 c0 ch “ and 

Accoi cling to the Geneva nomenclature, the diketones are named 
aftei the concsponding hydiocarbon by adding the termination -dione 
eg acetyl-acetone 01 2 4-pentane dione ' 


1 a- oi* 1 2-Dlkotones 

1 he a-diketones die yellow, volatile liquids of pungent smell, which 
me obtained fiom then monoximes, the isomtioso-ketones, by boiling 
with dilute sulphunc acid* Isouitvoso-hetones are prepared by the 
action of nitious acid on ketones 


CI^ CO.Clio CHf, 

Methyl othyl ketone 


HNO fl 


> CH a CO C(NOH) CH 3 

Isonitroso methyl ethyl ketone 
(Dncetyi monoxime) 


CH 3 CO 


CO CI1 


Diacetyl 


rt-Diketones condense with o-phenylene diammes according to the 

equation 


/NIL O^C R 
C«TI 4 < + | 

x NH fl 0=tC R 


✓N~C R 

= C a H / | + 2 H 0 0 

N N=:C R 


to foim cyclic compounds known as qmnoxahnes 

With liydioxyhmmc the « diketoncs yield, m on oximes (isonitroso ketones) as 
well as clioximes {glyoximes) Phenyl hydrazine forms monohydrazones and 
dihydrazones, the latter also being known as osazones , e g 

cn„ C N NH C 0 II B 

i Diacetyl osazone 
N NH C 8 II 6 


Diaoetyi, diketo-butane , CII 8 CO CO CH 8l is obtained by the 
method described above 2 It is a yellow liquid of penetrating smell 
and b p 88“, the vapoui of which possesses the colour of chlorine 
With hydiogen petoxide it is readily decomposed into two molecules 
of acetic acid 

CII a CO CO CI-Ig + HO OH = 2CH 8 CO OH 

Diacelyl, like the simple aldehydes and ketones, is readily reduced 
by biochemical means, eg in the pi esence of fermenting yeast In this 
case Aotatory 2 3-butylene-glycol is obtained 8 

DiaoetyicUoxlme,dimethylgiyoxime,CH g C(NOH) C(NOH) CH 
is conveniently prepaied by the action of hydroxylamme on the 
monoxime, fot med as deset ibed above from methyl ethyl ketone and 

1 Tor further methods of pieparation, see Piuly, Bet , I9°i> 84, 209a TschugaefT, Bey, 
1907, 40, 186 8 Diels, Bey, 1907, 40, 4336 3 C Neuberg and F F Nord, Bey, 1919 
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nitrous acid 1 It gives a dark red piecipitate with solutions of nit-Ui 1 
salts, and is used for the qualitative and quantitative determination of 
this metal 

2 /?- or 1 8 Diketones 

Preparation —/S-Diketones are usually obtained by the condensation 
of esters with ketones, a reaction of geneial application discovo* e<l by 
Claisen It should be noted that esteis can also be concU nst <1 
with esters, in which case (8-ketonic esters of the geneial foi inula 
R CO CH 2 COOR are obtained This leaction, known as the 
condensation , 2 involves the elimination of alcohol between the <jfi onp 
R COOC 2 H 6 of an ester and the CII, CO-— of a ketone for Uu 
R CH 2 CO— of a second ester molecule), and may be effected by 
means of the following reagents i an alcoholic solution of £»otlium 
etho'cide, 2 alcohol-free sodium ethoxide, 3 metallic sodium , <n 
4 sodamide The classical prototype of this condensation I*? llu* 
conversion of ethyl acetate into aceto-acetic estei, and the corn sc of the 
reaction will be discussed under this substance 

Acetyl-acetone, CH 3 CO CI-I 2 CO CII S , is piepaicd by con¬ 
densing acetic estei with acetone in the piescnce of one of Lhc above 
agents, 2 eg metallic sodium The sodium salt of acctyl-acetoiic, so 
obtained is then converted into the insoluble coppei salt, fiom which 
the free ketone is liberated by tieatment with dilute sulphuric *tclcl. 

CH b CO OC a H # + H,C CO CII a 

Acetic ester Acetone 

-^ CH 3 C(ONa) CH CO CH a -CH S CO CII 2 CO CIT, 

Acetyl Tcetono 

It is a colourless, pleasant-smelling liquid, bp 137° When 
boiled with water it decomposes into acetone and acetic acid 

CH # CO CH 2 CO CHg + IIOH - CH b CO CH„ + CH, COOIT 

Constitution and Piopetties of the Diketones -—The / 5 -dikcLones 
possess an acidic charactei as shown by the foimation of motnllic 
deilvatives, many of which aie insoluble in watci but soluble in 
benzene, chloroform and other 01 game solvents Chaiactenstic cojjjjcl 
salts are also formed which are only sparingly soluble in w£itci% In 
general it is assumed that the metal is united to oxygen, te, that the 
salts are derived from the acidic or enol foim I, while the fiee ketones 

ONa 0 OH O 

CH S —C=CH—C—CH a ->• CH S —C—CH— C—CH S 

000111m suit of acctyl-acctone j 

O 0 

-»■ CH S —C—CH 2 —C—CH B 

H Acetyl-acetone 

f, 1 9° 8, ’ 77 > 4M C, 1919 . m, 43 W I Scraon, / Am C S, 

^033 Claisen, Bet , 1889, 22, 1009, 1905, 88, 709 
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may lcprescnt equihbimm mixtuies of the keto and enol foims (if 
p 69), although they aie usually written as diketo-compounds II 

The enol fo>ui of acetyl-acetone I has been isolated in the puic 
state by crystallising the equilibiium mixtuie fiom petioleum ether at 
a low temperature 1 A moie convenient method of preparation is to 
distil the mixtuie fiom a glass flask, 8 when the tiaces of alkali fiom the 
glass catalytically conveit the greatei pait of the keto into the enol 
form The distillate contains about 99 per cent enol form 

Among the great number of condensations undeigonc by /3-diketones, 
one deserving special mention is their leaction with hydiazines to give 
pyia«ole derivatives This leaction is the most useful of all methods foi 
the preparation of pyra^oles, and may be foi mulated as follows 


R' 

RCH/ C ° + 

x co 

R" 

( 3 -Diketone 


HNR'" 

NH S 

Primary 

hydrazine 



RC 


C N R'" 

^ 1 

\= 

C N 


(- zHjO 


R" 

Pyrazole derivative 


3 y- or 1,4 Diketonos 

A compound of this type is aoetonyl acetone, 2 5- hexane-dtone , 
CH a CO CII 2 CH a CO OH,, which is conveniently piepaicd fiom 
/ 3 -dlaceto-succinic estei by boiling with sodium hydioxide It is a 
clear, pleasant-smelling liquid, b p 191 0 under 750 mm , which dissolves 
readily in watei, alcohol and ethei 

The y dtketones aie characterised by the ease with which they aie 
conveited into denvatives of fuiane, thiophene and pyirole 



tnolic form of 
51 c eton y M c e to n e 


HoO 


lie 


P„S 




Nil 




HC 




C CII 8 

~^0 Dimethyl furanc 


HC C CH 

HC C CH 

\g 

/ b 


3 


a 


Dimethyl thiophene 


HC C CH 


B 


C CH 3 

’Nnh Dimethyl pyrrole 


HC C CH a 


Many pynole denvatives have the property of colouring ipine shaving intensely 
red, a leaction which has been pioposecl as a test for i 4 diketones L Knou 8 
recommends the following procedme a small amount of the substance to be 

1 L ICnoir and H Fischer, Be} , i9ii,44 l 2771 2 K H Meyer uid Hopff» Ber , 1921, 

64 , 579 0 Knorr> B&t , : 8 S 6 , 19 , 46 See also C Neuberg, C, 1904, H, 1435 
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tested is dissolved in glacial acetic acid, a solution of ammonia in excess of acetic 
acid is added and the mixtme boiled foi about half a minute, aftei which it is 
treated with dilute sulphuric acid and again boiled while a splint of pinewood 
is held in the vapom An intense reddening of the splint shows the presence 
of a i 4 diketone in the solution Since, howevei, this coloiu leaction may ho 
biought about by othet compounds besides pyiroles, it should be used with cuilion 


TautoinQi'lBin of the Trlketones 


As will be seen lalet in the case of aceto-acelic cstei, those 
compounds containing the group CO CH a CO leact on the one hand 
as if this gioup weie actually piescnt, and on the othei as though 
they contained the complex C(OH) CH CO In othei woids, they 
behave at tunes as genuine ketones and at otheis as cnolic or aci- 
lcetones In the case of the/ 3 -diketones discussed above, no lepiesenta- 
tive of the class has so fai been isolated in both foims 

The triketones, however, ate capable of existing in the fice stale in 
the keto form (I) as well as in the enol foim (II ), as has been shown 
by the investigations of Claisen 1 


/CO—R 
I H—C~CO—R' 

MHO—R' 
Keto form (/ 3 ) 






C(OII) 


CO 


\co 


R' 

R" 



Enol or aa foim (a) 


Fiom the above formulas, it may be seen that this pecultai foim of 
isomerism (tautomensm) depends only on the movement of a hydiogen 
atom within the molecule The compounds aie theicfore vciy labile, 
and it has not been found possible to piove the existence of both types 
m all substances of this class 

Claisen has suggested that the tendency to give the enol foim 
mcieases as the acyl gioups attached to the methane caibon atom 
become more minacious ot moic acidic in chaiactei Since the acetyl 

group, CO CII a , is moie acidic than the benzoyl gioup, COC 0 II c , it 
should be found that in the senes 


CIIA a , CIIAgB, CHAB 2 , CIIB a 

(A = acetyl, B = benzoyl) the tendency towards the enol form should 
steadily dimmish 

In actual fact tiMcctyl-Miethatic and dincctyl-bciisioyl-mcthcvic aie 
only known m the enohe modifications, 


MH(OIT)—CH a 
C£-CO—CII 8 

\co—CII 8 


^C(OII)—CII 
C^-CO—CII B 
\co —C 0 II 6 


wheieas dibensoyl-acetyl-methane has been isolated in both forms 


i 


/Co—cn B 

H—C^-CO—C„H 
\CO—C a H 


B 

6 


Bit , 189):, af, i(4, Amu 1896, 291 , 35 


—CII 8 

oils 
alls 

Claisen and Haase, Bet , 1903, 86, 367^ 


/.C(OII)- 

c£-co—c 
\co- 
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III tf ibenzoyl-methane the a- or enolic form has already become so 
labile as to transfoim itself with extraoidinaiv ease into the 8 - or keto 

compound 

*1 he degree of stability of the two forms of a triketone deoends 
thcieforc on the natuic of the acid radicals piesent 

In the case of the ti iketones, Claisen was also able to show how the 

veto and enol (erw-ketome) forms differ m chemical behaviour 

The genuine ketones I aie indifferent towards alkalis and ferric 

chloudc, neither dissolving in the former nor giving any colour with 
the lattci 


1 he enals, on the othei hand, are directly soluble in alkalis with 
the foi(nation of salts They also give intense colorations with ferric 
chloudc, a leaction which is sometimes a convenient means of rapidly 
distinguishing between keto and enol foims, and of following experi¬ 
mentally the tiansfoimalion of the one into the other 

The conversion of the keto into the enol form is brought about by 
ti cdtmcnt with alkalis In the piesence of solvents, or in the fused 
stale, cithei fotm is conveiled into an equilibrium mixture of isomerides 
in which the lclative pioporlion of the two foims depends on various 
facloi s, such as the natuic of the solvent and the temperature 


XIV 

Monobasic Aldebydic and Ketomc Acids 

These acids may be regal ded as oxidation products of the hydroxy 
acids (see p 225) and might have been treated in connection with the 
latlei In the case with which they are converted into cyclic 
dcuvalives, howevet, and in the fiequent occuirence of isomerism, 
they show many resemblances to dialdehydes and diketones, and it 
is mote convenient to discuss them at this stage As might be 
expected, these acids possess the dual character of carboxylic acids 
and of aldehydes 01 ketones 

Olyoxcaio add, glyoxyhc acid, CHO COOH + H a O, is the best known aldehydic 
acid It occurs in young plants and unripe fruit (eg gooseberries and currants), 
and can be formed by the oxidation of ethyl alcohol with nitric acid It may be 
obtained synthetically fiorn dichloroacetic acid by heating with water As m the 
sumlai case of chloral hydiate, it is assumed by many chemists that glyoxahc 
acid exists in clicmtcal combination with the molecule of water which it contains 
according to the above foimula, and thus possesses the structure of dihydroxyacetic 
acid, CH(OH) a COOH In this connection Debus, who discovered the compound, 
pioposed the retention of the foimula CHO COOII + H 2 0 as being sufficient 
to explain all its properties Glyoxalic acid gives the usual reactions of aldehydes, 
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Leductng ammomacal silver solutions, combining with sodium bisulphite, and fanning 
an oxime When boiled with alkalis it yields glycolhc acid and ox die acid 

coon coon coon 

21 +n„o = | -n 
CHO CIl^OII coon 

U’ormyl-phenylaoetlo ester is obtained by the condensation of ethyl 
formate with phenylacetic estei 1 

H CO OC 2 H 6 + CH^CeHj) COOC 2 II c 

Ethyl formate Ph-onyHectic ester 

--> H CO IIC(C 0 H 0 ) COOC 2 II fl + C 2 II D OII 

Foimyl phony hectic ester 

This compound undeigoes inteiesting desmotiopic changes similat 
to those observed tn the case of diketones and ketonic csteis (see 
diaceto-succuuc ester) 

The isomerism of formyl-phenylacetic estei, the fiist case of 
desmotiopy to be discovered, is also typical of analogous foimyl 
compounds In addition to an oily enolic fonn («-foim, I) which 
gives use to salts, theie is a crystalline modification, which is at 
present believed to be an aldo enohe form (y-foim, II) The lattci 
compound also dissolves rapidly in alkalis, but the salts pioduced aie 
of the a-foim No isomeric salts of formyl-phcnylacctic estei ate 
known Between the aldo-enohc and the puie enolic foims stand 
intei mediate mixtures of lower and variable melting-point, eq the 
j8-form In benzene and othei indifferent solvents the aldo enolic 
form is slowly but completely tiansfoimed into the enolic foim 
When dissolved in alcohols both modifications ate convcitcd into an 
equilibiium mixture of the purely enolic form and the puicly aldchychc 
foi m (III), which at high dilutions contains a laigc piopoilion of the 
latter As yet the puiely aldehydic oi aldo foim has not been isolated 
If the enolic hydiogen atom of the enol foim is lcplaccd by acyl gioups, 
the denvatives obtained exhibit geometrical lsomcnsm 

CII (Oil) -CII O -^ CII O 

II ^- | | 

C fl H 6 C COOC.H, C fl H fi CII COOC 2 II 5 C 0 II B C C(OII) OCJI 6 

Enol form (a) Aldo form Aldo-enohc form (7) 

(.only in alcoholic solution) 

I III II 

Ketonic acids are of more lmpotlance than aldehydic acids Like 
the dikeloncs (p 248) they aie distinguished as a-, /3~, y- 01 (Mccto-acids 
accoiding to the position of the •—CO gioup with legal cl to the 
carboxyl They aie generally named as acyl-substitutec! fatty acids, 

1 Wislicenus, Atm y 1896, 291 , 147 , 1912, 308 , 265 
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or after the Geneva, nomenclatuie by adding the woid “acid” to the 
name of the parent ketone, eg , 


CH S CO CO„II 

a KUo propionic icid, 
Acclyl-formic icid, 
Propanono acid 


CH 3 CO CH„ COoII 

/MCeto butyric acid, 
Acetoncctic ncidi 
But me J one i acid 


cii 3 co cii 2 CHg cooii 

7-Keto v deric acid, 

/3 Acetyl propionic iud> 
Pentane 4 one-i acid 


The a- and y-keto-acids aie stable even m the fiee state, but the 
fiee /3-keto-acids readily undeigo decomposition 

In the piotein metabolism of the living organism a-ketomc acids 
aie formed by the oxidative deamination of a amino acids This 
is the commonest method by which amino-acids arc decomposed in 
the animal body It is assumed that an a liydioxy-a-amino-acid occurs 
as an intei mediate 


CH„ 

CIINIIo 

I 

COOII 



CII B 

I /Oil ~ Nil 

c<r —^ 

x ni-i 2 

coon 


CII S 

CO 

CO OH 


Pyruvio acid,pyi’o racemic aoid, acetyl formic aud, CII S CO COOH, 
is the simplest a-keto-acid, and is piepaied by distilling tartanc acid 
with potassium hydrogen sulphate (hence the name) It may be 
synthesised by the hydrolysis of acetyl cyanide 

KGN ICO 

Cll a CO Cl-5- CII a CO CN —CII 8 CO COOII 

a-Kctonic acids, in genetal, die piepaied by hydiolysing the nitriles 
obtained by ti eating acid chlondes with potassium cyanide This 
method of piepaiation also confiuns then constitution as a-keto acids 

Pyiuvic acid is a colouiless liquid of pungent smell, miscible in all 
proportions with water, alcohol and ethei It solidifies at low 
lempeiatures, melts again at 9 0 , and boils at 165° with paitial 
decomposition It shows the leactions of a ketone in addition to those 
of an acid, foiming an oxime and a liydiazone and combining with 
HCN Like othei ketones it also undeigoes condensation, yielding 
a benzene deuvative ( nvitic acid) 

Methylglyoxal, pyruvic aldehyde , CH 3 CO CIIO, is the simplest example of a 
lceto aldehyde It may be obtained by hydiolysing iso mtrosoacetone with dilute 
sulphuric acid When heated to ioo° with wnter, 01 more rapidly and completely 
on standing with cold dilute alkali, methylglyoxal is conveited into lactic acid 

A considerable amount of attention has lccently been duected 
towaids pyruvic acid and its aldehyde in connection with physiological 
piocesses In the living organism pyiuvic acid may be transfoimed 
into alanine, lactic acid, acetoacetic acid 01 acetaldehyde, all of these 
changes being equilibrium leactions Pyruvic acid is thus assigned 
a cential position m the conversion of the various constituents of the 
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body (pi otems, carbohydrates, fats) mto one anothei 1 (see also p 303) 
The idle of the acid and its aldehyde m alcoholic, feimentation has 
been investigated caiefully by Neuberg 2 (p 139) In this connection 
Abdeihalden states that there is no longer any doubt that compounds 
of thiec carbon atoms (pyiuvic acid, lactic acid, glycei ic aldehyde and 
pyruvic aldehyde, etc) foun the common channel Ihiough which the 
caibohydrates, fats and proteins or ammo-acids aic mutually intei- 
conveitible 

Ace to noetic add, fl keto bitty tic acid t CII 3 CO CII a COOII, is piepued fiom 
its esleis by hydrolysis with cold dilute alkali It is obtained on acidification 
as a viscous liquid, which very readily decomposes mto acetone and caibon dioxide 
Acetoacetic acid occurs in the unne of diabetic patients, and is in mipoitmt 
decomposition product of fatty acids in the oiganism Otheiwise the fice acid 
is of little inteicst 

Ago to a oe tie ester, CH a CO CII 2 COOC 2 H 0 , was discoveicd 111 
the yeai 1863 by Geuther It is prcpaied by the condensation of 
ethyl acetate in the presence of sodium 

Metallic sodium is added to purified ethyl acetate, when a leaction gmdually 
sets m, as shown by the evolution of hycliogen and the boiling of the liquid 
After all the sodium lias dissolved, the mixture contains excess of ethyl acctalc 
togcthci with sodium ethoxide and sodium acetoacetic estei The two 1 liter 
compounds separate out as a paste Free acetoacetic estei is libciated by the 
addition of dilute acetic acid, and forms an oily layei above the aqueous liquid 
It is removed and, without previous diymg, is purified by hactional clistill rt 1011 

The 1 eaction depends on the foimation of an intumediate com¬ 
pound, and as we are hete dealing with the classical example of cslct 
condensation the mechanism of the pioccss will be discussed in moio 
detail 

The oldei views assumed a dnect action of sodium on ethyl acetate 
to fotm an intei mediate sodium acetic ester, CIINa 2 COOG ? II 0 01 
CH 0 Na COOC s H B , as in Kolbc's equation, 

CII„ COOC,II fi I CIINa 2 COOCJIj 

= CII 8 CO CIINa COOC 2 II 0 I CjII 6 ONa 

and that given latei by Baeyei — 

CII 8 COOC 2 II 6 + CIIgNa COOC 2 H 6 

= CII 8 CO CIINa COOC 2 II 6 I CjTI a OIt 

These theones weie opposed by Claisen in 1887 on the gionml 
that the foimation of sodium acetoacetic estei is not induced pumuuly 
by the action of sodium, but by sodium ethoxide pioduccd fiom 
alcohol contained a& an impurity in the acetic ester employed, also 
an O-sodmm denvative is moie piobable as an mteimcdiatc compound 
than a C-sodmm denvative 

1 Wicland and A Wingler, Ann , 1934, 486, 329 8 Do , 1920, 68, 1039, 1931, 67, 1136 

AUa <( Die GfiTungBVorgHnge und die Zuckerumaatz dcr Zelle 11 
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When 'icetic ester* free fiom alcohol, is placed in contact with sochum it docs 
not react at all m the cold, and only extiemely slowly on heating In the piesence 
of a little ilcohol, however, the icaction proceeds immediately If sodium is 
leplaced by sodium ethoxide, acetoacetic ester is again formed, although less 
rapidly and m smaller yield Sodimide also brings about the same effect The 
genei xl progiess of the icaction agiees with the supposition of the pielimmaiy 
conversion of sodium into sodium ethoxide Thus i veiy small amount of the 
latter may be formed from tiaces of alcohol aheidy present 01 produced through 
a by reaction This ethoxide then leacts with ethyl acetate, 

2 CI 1 , COOC 2 n e fNaOC 2 H fi = CII 3 C(ONi) CII COOC a II 0 H Oil 

liberating twice as much alcohol as was originally present, so that aftei the 
lattei is converted into ethoxide the reaction pioceeds to double the pievious 
extent, and so on In actual piacticc the action begins slowly and giadually 
becomes more and more vigoious 

The mteimediate formation of an O sodium instead of a C sodium deuvative 
is supported by the following consideiations Claisen showed that among 
compounds containing the gioup CO CII 2 CO, which exist m both of the forms 
CO CII 3 CO and CO CII C(OII), only the latter ot <f acid” foim gives rise 
to salts The other or i< neutial ,> foim yields no salts as such, but previous to 
salt formation isomeiises into the other modification and thus gives O salts 
The C salts of the type CO CHNa CO aie therefore non existent Similar 
considerations have been shown to hold m the case of analogous compounds 
such as nitiomethane, CII* NO K , and its homologues (see p 156) Hence it 
appears that m competition between the caibon of a CH e and the oxygen of a 
negative gioup attached to it, the metal always unites with the oxygen There is no 
reason to assume that acetoacetic ester is any exception to this rule The sodium 
salt of acetoacetic ester is theiefoie formulated as CII 3 C(ONa) CII COOII, and 
since the end product is an O sodium denvitivc the same must hold tiue of the 
intermediate product 

The two statements alieacly quoted foim the puncipal pait of 
Claiscn’s theoiy ielating to the acetic estei condensation In addition 
he has put forwaid suggestions as to the nature of the mtei mediate 
product and its idle in the leaclion, which ate m all likelihood collect 
but have not yet been pioved with certainty Piobably the teaction 
takes place in the following steps — 


CH 8 C 




OC 2 H 5 

Acetic ester 


Na 

y ONa H. 

CII 8 c4.;o C 2 H fi + H 4 

N'O Cft, H/ 

+ 1 - >- 

O C,H, 

Sodium 

Hypothetical 

ethylate 

intermediate product 

yONa 

_ ^ PH C< 

+ aC 2 H fi OH 

' ‘ Vh 

COOC 2 H 6 

Sodium acetoacetic ester 


COOC 2 H 5 


With the aid of the above theory we can explain not only the 
acetoacetic ester synthesis but all important estei condensations of a 
similar type (see p 250I 

These condensations aie of gieat value 111 synthetic chemistiy, and 

R 
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may be fuilhcr illustrated by the following examples taken fiom the 
investigations of Claisen and Wisliccnus 

When sodium ethoxide is allowed to mteiact with a mixture of 
two esteis of monobasic acids, a ketonic estei of constitution similar 
to that of acetoacetic estei is fotmed, eg, 

COOC 2 II fl + CH„ COOC 2 H fi ->• C fl H c CO CH 2 COOC 2 H 5 + C 2 II 6 OII 

Ethyl benzoate Ethyl acetate Benzoyl acetic estei 

If one of the reacting esters is ethyl formate, an estei of an 
aldehydic acid is obtained 

ri COOC 2 II s + CH b COOC 2 H ft -II CO CIL, COOC^^ + G a II B OH 

Formic ester Acetic ester I ormyl acetic ester 

The use of a mixtuic of ethyl acetate (i mol) and an estei of a 
dicarboxyhc acid (i mol) leads to the formation of keto-dicaiboxyhc 
esteis 

COOGJL; CO CII, COOC,II fl 

I + H a C COOC 2 H 6 -- 5 - | + CoIIrOIl 

COOCjHjj ' COOC 2 II f , 

Ethyl oxalate Ethyl acetate Oxalo acetic estei 

Finally, as has alieady been mentioned on p 250, one molecule 
of estei may be leplaccd by one molecule of a ketone, with the 
foimation of polyketoncs and keto-aldehydcs 


CII S COOC 2 H 6 + H 8 C CO CII 8 -CII g CO CII 2 CO CII 3 d C 2 TI r ,OII 

Ethyl 'icot'ite Acetone Acetyl icelonc 

11 cooc 2 n 6 m 8 c co cn 8 •—h co cii 2 co cn a i c 2 n fl on 

Formic ester Acetone Formyl acetone 

Negatively-substitntcd ( 3 ~ketonic acids may be synthesised by the 
action of negatively substituted aldehydes on dtazo-acelic estei. In 
this manner y-tnchloio-acetoacetic ester is obtained fiom chloial — 


CC1 S 

CIIO 


CO OC 2 I-I B 

b I 


N 2 CII 



CC1 B 

CO CII 2 COOC 2 II B 



Acetoacetic Estei and its Synthetic Reactions 

Acetoacetic ester is a colourless, pleasant-smelling liquid, bp 181°, 

which is spaiingly soluble m water and gives a deep violet coloialion 
with feme chloride 1 

Owing to its gieat leactivity it is to be classed as one of the most 
impoitant oigamc compounds, fiom which a laigc numbei of olhei 
substances may be piepared 

^ For 11 characteristic colour reaction of qtiinones ivitli ucctoacctic ester and other compounds 
contninmg n similarly attached metliylene group, see W ICesting, Bn , 1929, 02, 142a 
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I he utility of acctoacetic ester as a synthetic leagent depends 

p.utly on the case with which one of the hydrogen atoms may be 

ieplaced by sodium When allowed to internet with metallic sodium 

an evolution of hydtogen occuis with the simultaneous formation of 
a sodium salt 

CII B CO CII S COOC 3 II D + Na -H + CH 3 C(ONa) CH C0 2 C 2 H s 

I lie sodium salt is moie conveniently piepared by ti eating the ester 
with an alcoholic solution of sodium ethoxide 

By making use of this sodium compound a variety of groups can 
he introduced into the acetoacetic ester molecule On bringing it into 
icaction with an oiganic halogen compound;, a sepaiation of sodium 
halide takes place and the two organic ladicals unite together 
In the following examples the sodium deuvative is written as 
CH# CO CHNa COOC 2 H 6 in ordei to abbreviate and simplify the 
equations—it should be lemembeied, howevei, that the constitution of 
the metallic compound is best cxpiessed by the enolic formula 

CH a CO CHNa COOC a H 6 + I CH S = CH 3 CO CH COOC,H s + NaI 

CH S 

Methyl acetoacetic ester 

cn a CO CHNa COOC 2 H 6 + Cl COCH a = CH S CO CH COOC,H B +NaCI 

CH a CO 

Acetyl chloride Acetyl acetoacetic ester 

CII 8 CO CHNa 0000,^ +Cl CH, COOC,H fi = 

Chloro acetic ester 1 

CH g CO CH C00C,H 6 + NaCl 

CH, COOC,H B 

Accto-succimc ester 

Those mono-snbstituted esters also leact with sodium ethoxide to 
give sodium derivatives, which by Interaction with an organic halogen 
compound yield disubstituted acetoacetic esters, eg, 

CH„ CO CNa COOC a H 6 + BrC fl H 7 = CH S CO C COOC,H fi + NaBr 

CH 8 (jHg C 8 H 7 

Sodium methyl acetoacetic Propyl Methyl propyl acetoacetic 

ester 'bromide ester 

The great synthetic value of acetoacetic ester lies less in the 
production of tlae above types of compounds than in the simpler 
substances to which they give rise on hydrolysis Acetoacetic ester 
may be hydiolysed in two ways, which are distinguished according to 

1 In the presence of weakly dissociating solvents, addition products cm be isolated from 
chtoioicotic ester and sodium acetoacetic ester or its alkyl derivatives (Michael, Ber , 1905, 
88, J2I>) 
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the natute of the pioduct as “lcetonio hydrolysis” (I) and “aoid 
hydrolysis” (II) respectively 

I CH a CO CH a COOC s H 6 f HOH = CH 8 CO CH a + CO a + C 2 H 6 OH 

Acetone 

II CH 8 CO CH S COOC 3 H fi + 2HOH - aCH 3 COOII+C 2 H 6 OH 

Acetic acid 

Ketonic hydtolysis occuis chiefly on treatment with hot dilute 
acids ot alkalis, oi by heating with water in a closed tube to 200°, 
whereas acid hydrolysis is biought about by heating with concentiated 
alkalis Since the above-mentioned derivatives of the estei can also 
be hydiolysed m a similai mannei to yield ketones 01 acids, we 
have heie a genet al method for the preparation of mono- and di- 
substituted methyl ketones of the type of R CI-I 2 CO CII 8 and 
RR'CH CO CH a , and of mono- and di - substituted acetic acids 
R CH, COOH and RR'CH COOH 

The elect) olytn. reduction of acetoacettc estei 01 its substitution 
pioducts leads to the foi matron of hydiocaibons, eg butane fiom 
acetoacetic ester itself 

cii b co ch, cooc 2 h 5 -^cii„ cii 2 cii, cri 8 

Two molecules of acetoacetic ester may also be coupled up with 
one another (rt) directly, by the action of iodine on sodium acetoacetic 
ester, ip) lnduectly thtough vat 1011s divalent 1 adicals, by the 
condensation of acetoacettc estei with aldehydes 01 alkylcne bioimdcs 
In case (a) the mteiesting substance diaceto-succmic ester is foimed, 
which has been isolated in several desmotropic modifications, and the 
study of which has been of considetable value in connection with the 
theoiy of lautomeiism On ketonic hydtolysis it yields acclonyl- 
acetone (P 251) 

Clio —CO—CIINa—COOCJI 0 CH B —CO—CII—COOCoIT, 

+ al = I aNal 

CH e —C O—CHNa—CO OC 8 II 0 CH S —CO—CII—CO OC 2 II 0 

Bmceto succinic ester (Iccto form) 

In case ip) acetoacetic estei denvalivcs aie pioduccd of the 
general foi mula 

Cl I 8 —CO—CH—CO OC 2 II 0 

CII—R 

CII a —CO—CII—CO OC 2 I I, 

Compounds of this type wete first piepated by Ilant/sch ancl 
Knocvcnagel, and have also proved of interest in the development of 
the theory of tautomerism 

Finally it should be noted that acetoacetic ester unites ivith ceitain 
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mtiogen compounds such as ammonia, 1 amines, hydiazines and 
hydioxylamine These icactions aie of gieat impol lance for the 
synthesis of a vauety of hetciocychc compounds, as may be seen 
fiom the following examples 

With hydia/ine and its monosubstitution products acetoacetic estei 
yields pyia^olones By making use of phenyl hydiazine, Knoir in 1883 
succeeded in isolating the fiist pyiazoic detivalive, i-phenyl-3-methyl- 
5-pyrazolone, which foims the stalling point in the technical pitparalion 
of antipyi me The reaction takes place in two phases, the hydrazone 
of the estei being fiist obtained and alcohol subsequently eliminated 


c 8 h 6 nh 


N 


HoC C 




CO OC 8 H 6 


CH 


C,II 6 OH + 


Phenyl hydnzone of 'iccto'iccUc 

ester 


C e II 6 N 


N 



H 3 C 


CO 


CII 


i-Phenyl 3 methyl 
5 pyrazolone 


Hydioxylamine intciacts with acetoacctic ester to foim /3~iso 
nitioso-butync estei (I), which is leadily tiansformed into methyl- 
is ox a olone (II) 


I 


OH 


II 


H a c c 


CO oc„h 6 


CII 


C„H 6 OH 4- 


N 


o 

/\ 


IRC C 


CO 


CH 


By condensation with ui ea there is obtained methylurasil, 

II S C C—CH CO 


NH CO NH 


With nitious acid acetoacetic estei yields iso-niti oso-acetoacetic ester, 

CII S CO C(NOH) COOC 2 H B 

which easily decomposes into alcohol, caibon dioxide, and tso-mtioso- 
acetone 


Tautomensm of Acetoacetic Ester 

Fiom its 1 eactions acetoacetic ester may be classed either as the 
ester of a kelo-arid or of an llnsaturated hydroxy-ciotonic acid The 
liquid estei is an equihbmim mixture of the keto and enol fotms, 
the foim actually in prepondeiance depending on various factors 


I 


CH a —CO—CH a —COOCjII 5 

Acetoacetic (*ater Q3 or keto foim) 


II CH„—G(OH)=CH—COOCs,H 8 

Act acetoacetic ester (rt or enol form) 


Acetoacetic estei repiesents the oldest and probably the most 
important example of tautomerism The problem of its constitution 


1 Ann , 314, 200 


R 2 
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has now been solved, mainly owing to the knowledge gamed by the 
investigations of Knori 1 and his co-woikeis in connection with the 
desrnotiopy of dtaccto-succimc ester Fiom these tescaichcs it was 
concluded that the velocity of isomeiisation of the foims of acctoacelic 
estei should not be veiy high, and that a sepaiation might be effected 
at low temperatmes This conclusion was confiimed by cxpci iment 

At the temperatuie of a mixtuie of ethei and solid caibon dioxide 
(~78“) it was found that the mutual inteiconveision of the Uvo forms 
Is piactically aricsted, and that the individual isomeiidcs could be 
isolated without any gieat difficulty 

The Keto-fotm 

Acetyl ncettc ester, CII a CO CIT a COOC„II B —gencially descubed 
by ICnoir as the /3-estei—may be obtained fiom the oidinaiy cstci by 
freezing it out at the tempeiatuie of a mixtuie of ethei and solid 
catbon dioxide It is difficultly soluble 111 the majonty of oigamc 
solvents at this low tempeiatuie, and ciyslalhscs out fiom its solutions 
in alcohol, ethei, hexane, ligioin and othei solvents which aic still 
liquid at —78° It may thus be sepaiated by filtiation When kept 
cool m the above mixtuie, 01 in liquid an, the kelo cstci may be 
preseived foi a veiy long Lime without noticeable change Even at the 
oidinaiy tempeiatuie in the absence of catalysts, it only lcluins slowly 
to the eqtuhbimm mixtuie clming the couise of weeks 01 months 
The / 3 -foim diffeis compaiatively little fiom the oidinaiy (eqiuhbnum) 
ester, as may be seen fiom the following data 

/3 Ester hquilibi turn Mix tin e 

Boiling point (2 mm ) 40“ to 41® 39° to 40° 

Melting; point -39° (shatply) -45° to-43 0 (not shat ply) 

Rcfrac imlc\, 1 4225 1 4230 to 1 4235 

While the punty of a keto-form is commonly tested by its failtuc 
to give the feme chlonde leaction, the keto-acetoacetic cslet at 
oidmaty tempciatuies shows the same behaviour as the cquihbuum 
mixtuie, since the addition of the leagent immediately pioduces fiom 
both a large amount of the enolic fonn On the othei hand, at low 
tempeLatuies, a decided diffeience may be obseivcd between the 
behavioui of the pure keto-estet and that of the oidinaiy mixtuie 

Bnohc Fonn 

Cts kydtoxy crotomc ester , CH 3 G(OII) CI-I COOC a II B This foim 
was obtained by Knon by treating the sodium compound of acctoacetic 
ester with diy hydrochlonc acid gas It is given the as configiuation 

II—C—CO„R 

II 

CH 8 —C—OH 

1 Bet , 1911, 41 , 1138 
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since by virtue of the neighbouring positions of the oxygen gioups this 
should be moie acidic than the ^ww.r-configuiation, 

H-—C—C 0 2 lt 

II 

no —c—cn a 

and hence is piobably piesent as such m the salts 

tt has been found (K I-I Meyer) that when acetoacetic estet is 
distilled in a glass flask, the alkali of which acts as a catalyst, the estet 
is conveited into a mixtuie containing a higher peicentagc of enol 
form Using a quait/ flask, however, the distillation occuis in the 
absence of catalytic influences, and it is then possible to sepaiate the 
keto and enolic foims by taking advantage of the difTci ence in boiling 
points, little inteiconveision occurnng duung the opei ation By 
applying the lattei ptoceduie to the richly enolic mixtuie obtained by 
distillation in an oidinaiy flask the enolic foim of the estei is leadily 
pi epai ed 1 

The enolic estei is a coloutless oil possessing a powetful and pleasant 
fruity odour It does not solidify at the temperature of the ether¬ 
eal bon dioxide mixtuie, but in liquid an hardens to a crystalline mass 
In small quantities it may be distilled m a high vacuum without 
much change, boiling at about 33° The enolic form differs fiom 
the keto foim and the equilibrium mixtuie, it has a much highei 
lefractive index and rapidly gives the coloui leaction with feme 
chloude, even at low temperatures 

Ketomsation of the Enol-estet —'The cnol-foim can only be pieserved 
at low tempciatuies At 100m tempeiatuie isomei nation is soon 
noticeable, and even the puiest pi epai ation changes back into the 
equihbiium mixture duung the course of ten to fouiteen days 

The velocity of tsomei isation of the desmotropic fotms of aceto 
acetic ester may be cons id ci ably increased by catalytic influences 
Contact with soft alkali glass, with a little vapoui of hydtochlonc 
acid, tupiopylamme 01 cigaiette smoke, or merely handling the 
liquid in the impure ail of a laboiatory, is sufficient in a few 
seconds 01 minutes to convert the enolic foim into the equihbiium 
mixtuie 

The Equilibrium MtUme 

Under ordinary conditions the ester is a mixture containing only 
about 7 pei cent of the enolic form In the vaporous state it is found 
that the equilibrium vanes with tempeiatuie and piessuie between the 
limits of 10 and 30 pei cent enol, so that accoiding to the conditions of 
expei iment the freshly distilled ester may possess the same or a higher 
enolic content than the noimal equihbiium mixture If the estei is in 
solution in a volatile solvent, the relative pioportions of the isomerides 

1 K H Meyer Tnd co workers, Ber , 1920, 68, 1410 , 1921 p 64 , 570 
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piesent may be determined by cooling to —78°, lemoving the solvent 
m vacuo, and estimating the composition of the lesidual mixtuie by 
measuung the refi active index A 30 per cent solution in ethei is 
thus found to contain 11 pei cent of the enol form 

Lae vulinio aoicl, fi-acetyl-proptomc acid, C H 8 CO CI*I 2 CII a CO OH, 
is the simplest y-ketomc acid It is foimcd when a hexose, especially 
laevulose, is boiled with dilute sulphunc ot liydiochlouc acid Lacvulimc 
acid is piepared by heating starch 01 cane sugai with hydioclilouc acid 
It may be obtained synthetically by combining sodium acctoacetic 
cstei with chloro acetic ester and submitting the lcsulting pioduct to 
ketonic hydiolysis 

CII 8 CO CH CII a COOC 2 II B -CII 8 CO CH a CII 2 COOII 

COOC„H, 4 CO a + 2C a IIjOII 

The acid is ciystalhnc, melts at 32 5 0 and boils with slight 
decomposition at 250° It is vciy icadily soluble in watei, alcohol, 
and ethei, shows the chai acteustic teactions of ketones (foimalion of 
oxime, hydt a?one, etc ), and on clecliolysis of its potassium salt yields 
2 7-oclane dione 

CH. CO CII a Clio— COO —K , „ TT n 

CII a CO CH 2 CII a —COO—K + ali s u 

cii 8 co cn a cir 3 

« I h alCIICO, hllg 

cii„ co cn a cir a 

When heated foi a consideiablc time at then boiling-points, y ketonic 
acids lose water and pass into unsatmated lactones Like y-diketones, 
they may also be used in the piepatation of pyuolc dcuvatives 


XV 

Polybasic Acids 

I —SATURATED DIBASIC ACIDS, O w H 2 |l (OOOH) a 

Foi mat ton —Dibasic acids aie found to some extent in naluie, and 
may be obtained ailificially by methods similai to those used foi the 
monobasic acids (see p 184) Chief among these aie the oxidation 
of the conesponding glycols, aldehydes, hydioxy-acids 01 aldehydic 
acids, the hydiolysis of dicyantdes, eg CN CII a CII 2 CN, ot of 
cyano-substituted monocaiboxylic acids, eg CN CII 2 .COOII, and 
the acid hydiolysis of substituted acctoacetic esteis (see p 260), eg 
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CH 3 CO CHNa COORt _ C1 CH « C00Et 




M 

Sodium ncetoacctic ester 




.COOEt 

Acid 

CH„ 

COOH 

CH„ CO CII< 

- jt- 

] 


x CH 2 COOEt 

hydrolybis 

CHo 

COOH 

Aceto-succmtc c.,t«r 


Succinic acid 


Piofietties —The dibasic acids aie solid ciyslalhne compounds of 
strong acidic chaiactei In most cases they dissolve leadtly inwatei, 
the solubility of an acid containing an uneven numbci of carbon atoms 
being gicatei than that of the next highei acid with an even numbei 
A similar 1 egularity is found in the melting-pomts, an acid with an even 
numbei of caibon atoms melting highei than the following member 
containing an odd numbei 1 

A point to be noted is the vaiymg behavioui of the dibasic acids 
under the influence of heat In some cases anhydndes aie formed, 
whilst in otheis caibon dioxide is eliminated 

Oxalic acid, HOOC CO 011 , and all those homologues in which, as 
in the case of malonic acid, CH a (COOH) 2 , the two caiboxyl groups are 
attached to the same carbon atom, decompose on heating to give carbon 
dioxide and a monobasic acid 

IIO a C. CO a II = COj -i II CO^II 

Oxalic acid Formic acid 

no 2 c gii 2 co 2 n = co 2 +cii 3 co 2 h 

Malonic acid Acetic acid 


On the other hand, dibasic acids in which the carboxyl groups aie 
linked to dtffeient caibon atoms—as in succinic and glutaric acids— 
geneially lose a molecule of watci undci the influence of heat and yield 
an mtiamoiecular anhydride, eg 


CII 2 - 

-COO II 

cn 2 - 

-COOII 


Succinic acid 


y CIl 2 COOII 
CII 2 / 

" X CII 2 COOH 

Glutaric acid 



Succinic anh}dudo 

xn 2 

h s o+ cn 3 < 

x cji» 



Glutaric 
imhydi ide 


The tendency towards anhydride formation of this charactei vaues veiy 
largely with different acids It is paiticulaily maikcd m cases wheie 
by elimination of watei a five- or six-membei ed ring may be formed, 
and it must be assumed that this type of reaction depends on the 
lelative positions in space of the two caiboxyl groups 

Those dicaiboxylic acids m which the two acid groups aie sepaiatcd 
by moie than fom caibon atoms eithei volatilise unchanged on heating 
or undeigo radical decomposition accompanied by chairing 

1 Sae t) A Fairweather, Phtt 1926 [7]» 1* 944 
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Nomendatui e and Isomerism —The majoi lty of the acids take then 
names from then oiigm or method of piepaiation Accoiding to the 
"Geneva noinenclatuie” the names aic denved ftom those of the 
coi i espondmg 1 hydiocarbons, in the same mannei as in the case of 
monobasic acids 

Among the higher members a numbei of stiuctuial lsomeudes ate 
possible, accoiding to the lclativc positions of the two caiboxyl gioups 
m the carbon chain 

Of the veiy laigc numbei of compounds belonging to this class, only 
the moie impoitant will be descubed lieie 

Oxalic aold, ethane dtacid , HOOC COOH, occuis veiy extensively 
in the vegetable kingdom, paiticulaily as the potassium salt in plants 
of the oxahs and mmex families In the animal oiganism it is found 
as the calcium salt It is fanned duiing the oxidation of many oiganic 
compounds, and is piepaied mdustnally fiom cellulose by fusing sawdust 
with sodium 01 potassium hydioxide in non pans at about 240 0 

The sawdust, piefciably obtained fiom 1 soft wood, is umfoimly impiLgnnlcd 
with the 1llca.l1, two pails of the lattei being used to 011c pait of wood Aftei fusing 
the nmtiuc till nil the cellulose has disappemcd, the melt is cxtnacLcd with hot 
water, and Clio spaimgly soluble sodium oxahilc allowed 'to ciystalhse out By 
tlic addition of milk of lime the sodium salt is conveitcd into calcium oxalate 
and sodium hydioxide, fiom the formci of which fice oxalic acid is obtained by 
Ucntmcnt with sulphuuc acid 

Na 8 C d O, I CuCOII),, = CnGJDj \ aNaOII , CaCjO, I II 3 SO, = CnS 0 4 \ IJ a C g O, 

The sodium hydtoxide contained in the molhei liquois is lccoveied and utilised 
for the oxidation of furthei quantities of cellulose 

Additional methods of piepaung oxalic acid aic by the lapicl 
heating of sodium foimate, 

2II CO ON a - II 2 l C^Naj 

and by the ducct combination of caibon dioxide with sodium at 3<5o° 

aC0 2 + 3Na = NajC^O, 

P>opetties —Oxalic acid ciystalhscs in monoclinic piisms containing 
2 mols watei of ciyslalhsation The anhydtous acid melts at 190° and 
the hychatecl foim at ioi° Oxalic acid is poisonous When caiefully 
heated to 150° it sublimes, but on tapid heating it decomposes partly 
into caibon monoxide and foimic acid (see p 185), and paitly into 
caibon dioxide, caibon monoxide and watei These last pioducts 
aic obtained exclusively on wainnng oxalic acid with conccntialcd 
sulphuuc acid 01 acetic anhydi ide 

II 2 C J 0 1 = CO a \ CO I II 2 0 

The addition of veiy small quantities of watei to the sulphuuc acid 
lcsults in a maiked diminution in the velocity of decomposition 

When tieated with potassium pcimanganate in acid solution, oxalic 
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acid is readily oxidised to cat bon dioxide and watci, a teaction 
frequently utilised in volumctnc analysis 

I-IgCgOj i-O s= 2CO2 hH a O 

By the electiolytic 1 eduction of oxalic acid 111 sulphuuc acid solution, 
using a lead or meicuiy cathode, Tafel and Fticdnchs obtained good 
yields of glyoxalic acid 1 

Oxaltc acid and its antimony salt arc used as mordants in the 
punting and dyeing mdustties It is also employed foi whitening 
leathei, lemoving ink and mat stams, bleaching and cleaning sttaw and 
steanne goods, in the manufacture of inks and the piepaiation of ccitain 
coal-tai dyes Feiious oxalate is used as a photogiaplnc developer, and 
potassium feme oxalate, KgFe^gOi)^ in platinum punting 

Salts of Oxalic Acid 

Only the alkali salts of oxalic acid axe soluble m watci In addition to the neutral 
and acid salts, iUtoxalates aie known, fonned by the combination of a molecule 
of the acid salt with a molecule of oxalic acid, eg the potassium ieiioxalah 
of commerce, KIIC O^ILCjO^ILO The cakmm salt % CaC^O^ILO, is insoluble 
in water 01 icetic acid, and is used for the detection and qmntititive estimation 
of both calcium md oxilic acid I he oxalates of silvex and meicuiy, on being 
heated, decompose explosively into the metal and carbon dioxide Among the 
above mentioned ox dates of non, potassium feme oxalate, K3"Fe(C ft G i) 3 , is of 
special mleiest In sunlight, an aqueous solution of this salt is lapidly reduced 
to potassium ferrous oxalate, 

and this piopoity is utilised in the following manner m platinum punting The 
photographic neg itive is laid on pipoi which has been piepaied with potassium 
feiric oxalate, and exposed to light Wheie the light penctiates, leduction takes 
place On now bunging the paper mto a solution of platinum chloncle, the fenous 
oxalate piesent 1 educes the solution, depositing metallic platinum on those parts 
aflected by the light 

Hstere and Other Derivatives of Oxalio Aoid 

Dimethyl oxalate , CH^OOC COOCIIs, m p 51% b p 162*, is useful m the piepam 
tion of pure methyl alcohol The solid cstei obt lined from the ci ude alcohol is leadily 
purified by crystallisation, and may then be hydrolysed to yield oxalic acid and the 
pure alcohol Da.thyl oxalate , C 2 II c OOC GGOCJI fi , b p 186 0 , condenses with acetic 
ester to give oxalo acetic estci (p 258) Oxaum aadf IIOOC CONII 2> is the mono 
amide of oxalic acid, and is foimcd by heating ammonium hydrogen oxalate It is 
a powder, melting with decomposition at 210 0 Oxamtde % NIL OC CO NII S , the 
diamide of oxaltc acid, is foimed in a vauoty of ways, such as by the action of 
aminotm on ethyl oxalate It is a white powder which is almost insoluble in water 

Malonio aoid, CH 2 (COOH) a , occuis m beetioot It is obtained 
fiom chloioacetic acid by heating it with potassium cyanide to give 
cyanoacctic acid, and subsequent hydiolysis 

/Cl /CN /COOII 

CH/ -^ CH q < -CIL< 

x COOH ^COOH x COOH 

1 Ba , 1904, 87 , 3189 3 The mono nmidos of dibasic acKls are ktio^n genemlly as amic acids 
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Malomc actd crystallises in laige leaves 01 plates, tnp 132 0 When 
heated it decomposes into carbon dioxide and acetic acid 

Its esters are of great value in the synthesis of 01 game compounds 
Diethyl malonate, CH 2 (COOC 2 H e ) 2 , is conveniently piepaied fiom 
cyanoacetic acid by the action of alcohol and sulphunc acid, the malomc 
aad first pioduced being converted into the estei 1 It is a cokmiless 
liquid of faintly atomatic smell, and boils at 198° On ticatmenl with 
phosphorus pentoxide it yields the double ketene O C C C O, 
known as caibon subox-ide a The latter is a liquid of powciful odoui 
boiling at 7 0 

CH 8 (C 0 2 C a H D ) 2 = 2C 2 H 4 + 2 H 2 O + 0 C C CO 

Ethyl ni iLomte Ethylene Carbon suboxide 

Malomc acid itself also decomposes into caibon suboxide on heating 
with phosphoius pentoxide, and is lecommended by Diels as the best 
staiting material for the piepaiation of this compound 

Esteis of malomc acid resemble acetoacetic estei in that—owing to 
the influence of the neighbouung caibonyl groups—the two hydiogen 
atoms of the methylene gioup may be leplaccd successively by sodium 
The metal can then be exchanged for othei gioups by bunging the 
sodium compound into reaction with 01 game halogen compounds 
(eg alkyl and acyl halides) 

In the "malomc estei syntheses ” we have a valuable method foi the 
preparation of dibasic acids of the gene) al types CHX(COOIP ) 2 and 
CX Y(COOH') l 

The following scheme lepiesents a typical synthesis of this land 
For fuither mfounation refeience should be made to the similai case 
of acetoacetic estei, which has been dealt with in detail 


COOCgHj 

I 

CIIH 

COOC 2 Hj 

Malomc ester 


I Mol ^ 
NaOC a H* 


COOCjHj 

CHNa 

COOC 2 H 6 



Sodium malomc ester 


COOC 2 H fi 

1 

CH CH b 

COOCgHj 


NaOCoII# 
M \ 



Methyl-nwlomc ester 


COOC 2 H 6 COOC 2 H 6 

CNa CH 3 - CaHsl -> 

j | n ch 8 

cooc 2 h 6 cooc 2 h 6 

It has aLready been mentioned that those dicaiboxylic acids in 
which the two acid groups are separated by a single caibon atom leadily 
lose carbon dioxide when heated, and pass into monobasic acids 

1 \V A Noyes, J Am C S y 1896, IB, 1105 3 Diels and Wolf, Ber , 1906, 80 , 689 , 

1907, 40 , 3SS , 1906, 59 , 2555 M J Edwaida and J M Willnms, J C S i 1927, 855 


Hydrolysis 


COOH 

t 

. /C 2 H 6 
X CH, 


COOH 

Methyl ethyl-malomc acid 
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Fiom the dibasic acids synthesised by the above method, we tan 
theiefore obtain by the action of heat substituted acetic acids of the type 

CfhX CO Oil and CH(X V) CO Oil 


I’oi example, 


ch coon 

exit/ x COOII 


CH,. 


-> v 

CJT/ 



IX 


Methyl ethyl m ilonu, xcid 


+co„ 

CO OH 

Methyl ethyl acetic. acid 


These substituted acetic acids can also be obtained by the acid 
hydrolysis of acctoacetic estci dcnvatives, as described on p 260 In 
this case, howevei, a ccitam amount of kclomc hydiolysis usually occurs 
at the same time, 1 educing the yield of acid On the other hand, m 
malonic estei syntheses the substituted malonic acids decompose in 
one dnection only, and it is thcicfoie more expedient to use this 
method foi the pieparation of the homologous fatty acids 

Like acetoacctic estci, malonic estei may also leact m the enohe 
foim, II 5 C 2 OOC CH C(OI*I) OC g II 5 , although the piopoition of this 
present in the oidinary estei appeals to be extiemcly small Piobably 
the sodium dei lvalive is of this type 


Electt osynthesis by Means of Malonic Estei 

Syntheses effected by clecliolytic means in 01 game chemistiy are 
not very numeious, but the method has been applied with great success 
to salts of the monoesteis of dibasic acids, and of malonic acid in 
pai ticular 

Brown and Walkei 1 found that on electrolysing the aqueous solution 
of an alkali salt of a monoestci of a dicaiboxylic acid (<?£ potassium 
ethyl malonate) the fiee carboxyl gioup was eliminated as caibon 
dioxide, and two of the residues thus ptoduced united togethei, as in 
the Kolbe synthesis of ethane (p 103), to foim the diestei of a higher 
dicarboxylic acid In this manner the mote complex dibasic acids 
were prepaied synthetically from lower homologues eg , succinic estei 
was obtained fiom potassium ethyl malonate 

2 CjII 6 0 OC CII 2 COOK-^ C s H a OOC CH a CH a COOC s II a 

Potassium ethyl niTlomte Diethyl succinite 

By starting fiom the ethyl potassium salt of a substituted malonic 
acid the leaction gives a substituted succinic ester, eg 

C 3 H 6 OOC CHCIIg COOK --> 

C 2 II D OOC CII(CII 8 ) CII(CII B ) COOC 2 II 6 

If both caiboxyl groups in a dibasic acid are esteilfied, the diestei 
functions as an acid on electi olysis, provided that a methylene group of 
pionounced acidic characlei is piesent The dialkyl esters of sodium 
malonic acid, 111 paiticulai, lesemble carboxylic acids in then behaviour 

1 Ann , 1891, 201, 107 , 1893, 2 * 71 , 41 
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on clecti olysis, the two anions uniting togethci to foim ethane-teti a 
carboxylic estet 


Anton Ration 

COOCgHj 

i CII Na ■-•> 

COOCjIIa 

Sod mm nmlonit, ester 


C 000,11, COO( >IL 

I l> L, » 

CII—™C II 
COOC,II 6 COOC a II fl 

Ethane ten icirboxylic ester 


The compound so obtained is thus the same as that foi mod by lemoving 
the sodium with iodine 

It may also be mentioned that when a salt of a mount stu of 
a dibasic acid is mixed with a salt of a fatty acid and submitted to 
elccti olysis, an ester of a highei monobasic acid is pt oiluecd In this 
way ethyl butyiate is obtained fiom a mixluie of potassium acetate and 
ethyl potassium succinate 

CII B COOK + KOOC' CII 2 CII 3 COOC a TI fi 
-^Cllg CII 2 CII a COOCjjII,-, 

Methyl mnlonlo acid, CH<, CII(COOH) 2) nip 130°, is picpucd from sotlio 
m a Ionic cstei and methyl iodide, or by the hycholysis of eyanopiopiomc i( id, 
CII 3 CII'fCN) COOII It is isoincnc with succinic acid and is tlicicfmo somelimt 4 
teimed isosuccimc acid 01 cthylidene succmic acid At 150° it decomposes into 
piopionic acid and CO a 


Suooinio aoid, ethylene succinic acid, butane dunul, IIOOC CII a 
CII a COOH, occuts in ambei, in a few lcsms and biovvn coals, in many 
plants and in the animal oigamsm It is foimcd in small amounts 
dunng the alcoholic fcimentation of sugai, and is piepaiccl by disliHn 
tion of ambei or fiom calcium malate by fci mentation It may be 
synthesised by the following leaclions 

1 Fiom ethylene cyanide by hydtolysis, 




CII 2 Bi 

CII 2 Bi 


KCN 
- > 


CII a CN 

cii 2 cn 


CTT„ COOII 

city coon 


2 Imolti malonic acid by clectiolylic methods (see p also by 

the ” malonic cstei synthesis,” 


(COOC 2 H e ) a CHNa-t- Cl CH 2 COOC 2 H G 

Sodmm m^lomc eater Ghloroacetic eater 


> 


hydrolysis 


(COOCgll^.CH CII 3 COOC.IIj 

Fthane trie uhoxvlic editor 


> 


heat 


(cooh) 2 cii cii, coon 


^ IIOOC cii, ch 2 coon h co 




It is readily seen that alley 1 -subsLitulcd succmic acids can also he 
obtained by this reaction, by combining alkyl-substituted sodium 
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malomc esteis, NaR.C(GOOC 2 II 5 ) 2 , with alkyl-substituted chloioacetic 
esters of the gencidi foimula 

C 3 CII 1 V COOC 3 II 6 and CICR'R" COOC 2 II 6 


An additional method of passing fiom the malonie acid to the 
succinic acid senes consists in lemovmg sodium fiom sodium malomc 
esteis by means of iodine, hydiolysmg the ethane tctiacai boxy lie estet 
so formed (p 270), and then splitting off caibon dioxide fiom the ftcc 
tctracarboxyhc acid at a highei temperatuie 

Among othet reactions leading to the foimation of succinic acid 
may be mentioned the leduclion of its hydroxy derivatives malic and 
tartanc acids, and also of fumanc and maleic acids 

Succinic acid ctystallises in monochmc pnsms, mp 185°, and 
boils at 235 0 with pattial conveision into the anhydndc At the 
ordmaty tcmpeiatuic it is soluble in twenty pails of watci The 
potassium salt yields ethylene on elecliolysis 

Biown and Walkei (p 2 Gg) found that the mam pioduct of the 
electi oly sis of ethyl potassium succinate was the diethyl estei of 
adipic acid 

aCOOC a H, (CII*)* COOK ■-^ COOCgll^ (CII^ COOC s II 5 


Among other impoitant derivatives of imetnte acid\ the hydioxy compounds, 
malto aoia and tmtario aoicl, and the oatox of dlaoeto suoolnlo aoici, uc described 
in detail later 

Of the succinates^ the alkali salts are leadily soluble in watei, and those of 
other metals insoluble 01 only spanngly soluble 

Esters Methyl euceinate, Cgll^COOCIl^i, is a solid at otdimiy tempeiatuies 
and melts at 19°, the ethyl eetex boils at 218°, and undergoes a lcnvuktiblc* 
condensation undei the influence of sodium^ to give a cyclic compound sucanylo 
succmtc ester (p 460) 

SuGcinimiae (I) is produced by heating ammonium succinate, and is a solid 
imp 126° and b p 228 s It is acidic m character, the hychogen of the Nil— gioup 
being leplaceable by metals When idistilled with zinc dust it is convened into 
pyiroh (11 \ and when reduced with sodium m boiling alcoholic solution it yields 
fiynohdme (HI) Electrolytic 1 eduction gives fyrtohdone (IV) 






Mono and dibromo euooinic acids, CO Oil CIIBi CII 2 COO II and COOH 
CHBr CHBr COOH, aie 1 caddy obtained by the action of biomine on succinic 
acid, and are used m the synthesis of the hydioxy acids» 

cir 8 CH COOH 

Methyl suocmic acid, pyro tartaric acid, [ , 

CH 3 COOH 

mp 112 0 , is formed (togethei with pyiuvic acid) by the diy distillation 
of tartaric acid, also by the acetoacetic ester synthesis, etc It contains 
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an asymmetnc cat bon atom and can be resolved into its optically 
active components by means of stiychnine 

Symmetrical dialkyl succinic acids, such as dimethyl-succinic acid, 
COOH CH(CH S ) CH(CH 3 ) COOH, aie known m two forms coire¬ 
sponding to the meso and racemic compounds Up to the piesenl 
all attempts to tesolve one of these into its optically active components 
have failed In the case of the syvi diphenyl-succinic acids, however, 
the existence of this type of isomerism has been definitely established, 
the r-acid being identified by its resolution into d- and /-forms 

Trimetliyl succinic acid, COOH CH(CIT 3 ) C(CH a ) a COOII, is 
obtained in the form of its anhydride by distillation of camphoionic 
acid, and is therefoie of impoi lance in connection with the constitution 
of camphoi 

Giutaric acid, pentane diacid, COOH CH B ,CII 2 CH B COOH, 
m P 97 °i may be obtained synthetically fiom tnmclhylene biomide via 
the cyanide CN CH a CI-I 2 CH 2 CN, or from methylene dimalonic acid 
(fiom sodio-malonic ester and methylene iodide) by loss of caibon 
dioxide 

(CO a CJ-I B ) 3 CIINa + I CH 2 I + NaCII(C 0 2 C 2 II B ) 2 
-(C 0 2 C 2 H 5 ) 2 CH—CH 2 —CH(C 0 2 C 2 Q B ) 2 

Methylene dim'llonic estei 

—■> (C 0 2 II) 3 CII~-CH 2 —CH(C 0 2 II)„ —^CO,II CII,—CII 2 —CII 2 C0 2 H 

Methylene dimalonic acid Ghit'inc acid 

The mam interest of the following higher cheatboxylic acids lies 
in the cyclic ketones which may be formed by healing then calcium 
sails 

Adipic aoid, COOII (CH 2 ) 4 COOK, mp 153°, was fiisl obtained 
by the oxidation of fat ( adeps } fat) by means of nitric acid, and is best 
prepared by oxidising cyclohexanol with alkaline potassium peiman- 
ganate The calcium salt on dry distillation yields keto-pentamethylenc 
or cyclo-pentanone (I ), together with calcium caibonatc 

Normal pimelic acid, COOH (CI^)^ COOH, is founecl synthetically from 
sodium malomc ester and trimethylene bromide It melts at 103°, and on distillation 
of the calcium salt yields keto hexamethylem or cyclohexanone (II) It is also 
obtained as a degradation product of the alkaloids attopme and cocaine, thus 
showing that these contain the carbon chain of n pimclic acid ni the foim of a seven 
membered ring 

Suberlo add) COOH (CH 2 ) 0 COOH, mp 140°, occurs in the skin of the load,, 
and is prepared by the oxidation of cork {subey , cork) Biown and Walltei showed 
that the ester of this acid is formed by the elect!olysis of ethyl potassium glutarate 
it may also be synthesised by the action of magnesium and carbon dioxide on 
t rime thylene brormde in diy ethereal solution When the calcium salt is distilled, 
keto heptamethytem , tyclo hep tan om 01 suberom (III) is obtained 

Aselaio acid, COOH (CH 2 } 7 COOH, mp 107, is formed by the oxidation of 
oleic acid with nitric acid, or synthetically from sodium acetoacetic estei and 

1 H Wren,/ C 1915, 108 , 444 
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mm t |lJ;? C ! e n l0,nKlC , , 0n dlbt,1Htlon wttli hme it gives cydo octanom (IV) but 
mm h bUlci yiLltlb aie obtained by use of the thorium sn.lt v * 


C 1I U —ClTjx 

I > 

t 11 -Ul/ 


CO 


CII 



n 

CII* CIT 


CO 


III 

CHo CIl fl CII 

I 

CII a CII, CH 


3 \ 
/ 


CO 


3 V J 

CII a CH/ 

IV 

✓CII* Cllfl CIC V 

<-n/ Vo 

N CH 2 CII, CII/ 

Bobaolo aQlcl> COOII (CII^ 8 COOII, nip 133 , is obtained when steal jc acid, 
sjici iruu t ti 01 cistot oil is oxidised with nitric acid 


II —UNSATURATED DIBASIC) ACIDS 

X hose dibasic acids in which ethylene linkages are present may be 
icgaulcd as dicaiboxylic derivatives of the olefines, a classification 
which is 111 agreement with then chemical behavioui As acids they 
fotm det ivativcs simitai to those of the satuiated dibasic acids described 
•ibovc, and as olefines they possess additive pioperties, uniting with 
two atoms of hydiogen 01 halogen, or with one molecule of hydiogen 
halide The most impoitant lepiesentatives m this group are fumaric 
and maleic acids, C^IiO*, both of which have been shown to be 
symmetrical dicaiboxylic denvations of ethylene These two acids 
foim one of the best known and most completely investigated cases 
of goomeli leal isometism among symmetrically substituted ethylene 
derivatives This type of isomeiism has already been discussed in the 
theoietical section of this book (see p 49), to which reference should 
be made 

H_C—COOH 

Fmnarlo aolcl, t>ans-butene diaad, ]| , occurs in 

IIOOC—C—H 

many plants, such as Iceland moss and Fnmctna officinalis It is 
foimcd as the chief pioduct of leactionwhen malic acid is heated for 
a consideiable time at 140° to 150°, 

coon cii—cn, cooii - cooh cii ch cooh+h 2 o 

oii n 

Malic nod Iuimanc acid 

and also when hydiogen halide is removed from monochloro- or 
monobi omo-succimc acid by boiling m aqueous solution Synthetically 
it may be obtained by the condensation of glyoxalic acid and malonic 

acid in the presence of pyndine 

IIOOC CITO l n 2 C(COOII) a - HOOC CH CH COOH + co 2 + H 2 0 

It has been shown by F Ehilich that a widely distributed fungus, 
Rht&opns nigricans (. Mucor siolomfer), which is a well-known cause of 
lotting m flint, is capable under suitable conditions of converting 
consideiable quantities of invert sugar into fumaric aci e 
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formation of the acid is greatly influenced by the natiue of the 
nitrogen-fiee otgamc nutument with which the fungus is supplied 

Fumatic acid is sparingly soluble in cold walct, ftom which it 
ciystallises in small white needles Under oidmaiy piessuie it 
possesses no melting-point, but sublimes at 200° At a highet 
tempeiature it partially decomposes into maleic anhydnde and water 
On catalytic hydiogenation it is tiansfoimed mto succinic acid 
Chlofo-todo-fumartc acid may be prepaied by the addition of iodine 
chloride to acetylene dicaiboxyltc acid 

H C COOII 

Maleio acid, cts-buienc dtaetd , II , is not found in natuie 

H C COOH 

The anhydnde is the chief pioduct of leaction when malic acid is 
lapidly heated to a high tempeiature, and is leadily conveited into 
the acid by treatment with watei Maleic acid is also obtained fiom 
fumai ic acid by various methods (see below) 

It is easily soluble in cold watei, crystallising in laige plates 01 
pnsms, m p 130^, bp ido° At the lattei tempeiatuic it breaks up 
into the anhydride and water 

A compauson of the dissociation constants of fumai ic acid 
(K = 0093) and maleic acid (K = 1 17) shows the lattei to be 
considerably the stiongei acid 

Inter conversion of Fumartc and Maleic Acids 

It is a chaiactenstic of geometrical isomeiides that undei ceitam 
conditions they aie leadily transformed into one anolhei 

Thus fumai ic acid is converted into maleic anhydnde on being 
heated, 01 by the action of phosphoius pentachloiide, phosphoius 
oxychloude oi phosphoius pentoxide 

Maleic acid, on the othei hand, passes without difficulty into fumai ic 

acid if heated alone at 140°, in aqueous solution at 200° to 220°, 01 in 

benzene solution at 130° The same change may also be effected under 

the influence of biomine (in sunlight), 01 of hydrogen halides, sulphurous 

acid, nitrous acid or hydiogen sulphide A trace of piperidine convcits 

methyl male ate in a few seconds mto a crystalline mass of methyl 
fumai ate 1 

Vanous theoues have been put forward in explanation of these 

mteiconversions, for which reference must be made to othei sources of 
information 

Determination of the Configuration of Geometrical Isomers in the 

Ethylene Series 

The ease with which maleic acid forms an anhydnde, coupled 
with the fact that fumanc acid yields none, is sufficient to chaiacteuse 
the former without doubt as the cis modification, since in this case the 

1 Clemo and Graham,/ C S t 1930, 213 
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caiboxyl gioups aie in the neighbounng position necessaiy for 
anhydride foimation Tn this pioperty wc have a geneial means of 
deteummng the configuiation of unsaluialed dibasic acids of the type 
COOII CR —CR COOII As maleic acid is the simplest «j~acid, 
compounds of similar configuiation aie sometimes known as "malemoid 
foi ms,” and those conesponding to fumanc acid as “fumaioid fotms" 
Among numei ous examples of this kind may be mentioned the next 
higher homoiogues of fumauc and maleic acid, both of the stiuctiual 
formula COOH 0 ( 011 ^ = CI-I COOH Of these, the malemoid form 
is called citracomc aetd and the fumaioid foim nicsacomc acid 

Another but less ceitam method of dcteimining the configuiation 
is to convert the isomeiides into symmetrical deuvatives of ethane, 
containing two asymmetnc caibon atoms The addition of two 
similar atoms 01 gioups (X) to the m-foim of a symmetiically 
constituted ethvlene compound (I) would be expected to lead to the 
formation of an inactive, internally-compensated (mcso-)compound 
(II) On the other hand, the tians-{Q\m would be expected to give 
the coi responding i accmic compound 



Rv /R 

II II~;C—C(CH 

x/ \x 


On treatment with potassium pei manganale, foi example, maleic 
acid takes up two hydioxyl gioups to fotm meso-lailaric acid, wheieas 
fumaric acid is oxidised to racemic acid 

This method, howevei, must be applied with caution, It has been 
shown by McKenzie that the dibio mo-succinic acid foimed by addition 
of bromine to maleic acid is the lacemic compound, 1 and not the meso- 
compound 

An inteieslmg unsatuiated dicarboxyhc acid is glutaoonio add, 
HOOC CH CH CH 3 COOH Owing to the mobility of the 
hydrogen attached to the caibon chain, alkyl deuvatives of this acid 
exhibit a special type of isomeusm This subject has been extensively 
studied by Thoipe and his co-woikeis Foi furlhei details see p 66 


Dibasic icids aie also known containing tuple bonds m the molecule The 
simplest of these is acetylene dloai'tioxyUo add, COOII C~C COOH, which 
crystallises with two molecules of water, and is piepaied fiom dtbiomo succinic 
acid by treatment with alcoholic potash When the potassium hydiagen salt 
of this acid is waimed with water it decomposes into carbon dioxide and potassium 
propiolate, CH C COOK (see p 197) The cupious compound of potassium 
piopiolate is oxidised by potassium fcnicyantde to give coppei oxide, two piopiolic 
1 caiclues uniting to foim the potassium salt of dlaoetylene dloaihoxyllo add 

sKOOC CCCnuO = KOOC C C C 0 OOOKdaCuO 

By a repetition of the above process tetra acetylene dloat'tooxyUa aoid is obtained, 

aKOOC C,C CCC« -KOOC CCCCCCOC COOK 

These compounds aie veiy unstable, and as the chain increases in length show 
an increasing tendency to explode 

1 f C S, 191a, 101,1196 
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It is to be noted that the acetylene carboxylic acids are com¬ 
paratively stiong acids* as may be seen fiom then dissociation 
constants A tuple bond, and to a less extent a double bond, theicfoie 
leads to an mciease of acidic chaiactei 

III —ACIDS OB' HIGHER BASIOITY 

With icgaid to the constitution of acids of higher basicity, it is to 
be remembeied that, as in the case of ceitain othei poly-substituted 
compounds already discussed, the piesence of moie than one caiboxy 1 
gioup attached to the same carbon atom leads to instability No 
compound is known containing more than two caiboxyl gtoups in this 
state of combination 

Trlcarlballylto a old, sym propane tucatboxyhc acid % 

CH 2 (C 0 2 H) CH(COoH) CII 2 (C 0 2 H) 

occurs in unripe beetroots It may be foimed synthetically by vatious 
reactions, eg, from allyl tribromide, by conveision into the tncyanide 
and subsequent hydrolysis, 

ClI a 13 r—CHBr—CH a Br -CH 2 (CN)—CH(CN)—CII^CN) 

AU)I tnbromide AHyl tricynnicle 

-CH 2 (C 0 2 H)—CII{C 0 2 H)—CH 3 (C 0 2 II) 

also by the condensation of sodium malonic estei and monochloro- 
succimc estei The estei so formed, 

(C 2 H 6 OOC) 2 CH CH(COOC s H 5 ) CH 2 COOC 2 H b 

is liydiolysed and the acid heated to diive off caibon dioxide 
Tricarballylic acid melts at 162° to 164° and is leadily soluble in walci 
A monohydioxy derivative of this acid is citric acid, which is dealt 
with later 

Camphoronic aoid, aaj3-ifuuethyl~tricarballyhc acid\ mp 135°) 1S 

CO a H C 0 2 H C 0 2 II 

H a C-C-c-CIL 

I I 

CH a CH S 

foimed by the oxidation of camphor The determination of its constitu¬ 
tion by Perkm and Thorpe 1 provided valuable evidence in connection 
with the structure of camphor 


COjH 

CO„H CO,H 

Aoonitio aoid, I 

I 

1 ^ ™ 

\ t is an example of an 

ch 2 - 

— c ==c H 


unsaturated tribasic acid It occurs m various plantSj eg in Acomtuiu 
u&fielluSi in beetroot and in sugar cane, and is formed by lemoving the 

x J c 1897,1169 
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element 5 of water fiom citnc acid On i eduction it takes up two 
atoms of hydrogen and is converted into tncaibalJyhc acid 

Acids of highei basicity than these do not appeal to occui in 
nature, but can be svnthesised fiom acetoacetic estei or malomc ester 
In this way acids have been obtained, having as many as fouiteen 
caiboxyl gioups in the molecule 


XVI 

Polybasic Acids containing Hydioxy, Ammo, 

Aldehydic and Ketonic Gioups 

In chemical behavioui and geneial methods of pieparation these 
compounds lesemble the couespondmg denvatives of the monobasic 
acids previously described 

Dibasic Hydroxy Acids 

The simplest compounds of this class aie denved from malomc acid 

Tartronio aoiti hydroxy malomc acfd t COOII CIIOII COOH, 1S foimed from 
chloro oi biomo malonic acid by leplacmg halogen with hythoxyl, oi trom glycfcrol 
by oxidation with peimanganate It crystallises m Hrge, colouiless pi isms which 
melt with evolution of caibon dioxide at 184 As will be seen Htei, mesoxaltc acid 
may be regarded as dihydroxy malomc aetd 

Of fat gieatei lmpoiUnce than the hydioxy denvatives of malomc 
acid aie those of succmic acid, namely malic and taitanc acids 

HO CH CO OH 

Malic aoid, hydroxy-succinic acid t butanol diactd } l 

CH* COOH, 

is widely distributed in the vegetable kingdom, occurring for example 
in sour apples, grapes and the berues of the mountain ash It is best 
obtained from the latter source As may be seen from the above 
formula it contains an asymmetric carbon atom, and may theiefore 
exist m d-> and r-foims (see p 32) The acid obtained from the 
above natuial sources is the laevorotatoiy foim, which is frequently 

described as ordinary malic acid 

v-Malic acid may be obtained in vanous ways, such as by 1 educing 
lacemic acid with hydiiodic acid, and by heating fumaric 01 maleic 

acid to ioo° with aqueous sodium hydroxide 

d ^Maltc acid is obtained by resolving the racemic form by mean* 
of the cinchonine salt, or by reducing oidmary (dextio-)taitaric acid 
with hydriodic acid As will be seen below, the two active malic acids 
can be converted into one another through the chi or o~su comic acids 
(Walden inversion) 

Ordinary Amalie acid forms deliquescent needles, readily soluble in 



278 


SUBSTITUTED POLYBASIC ACIDS 


watei and alcohol, but difficultly soluble in ethci It melts at ioo°, 
and on fuithei heating yields, accoidtng to conditions, eilhei fumanc 
acid 01 maleic anhydnde On i eduction it is convcited into succinic 
acid When heated with stiong snlphuiic acid it yields coitmahnu- 
acid, with sulphuric acid and phenols it gives ton mat ms (see index:) 

Three of the four groups linked to the asymmetuc caibon atom m 
malic acid are leadily attacked by chemical icageiits Many derivatives 
aie theiefore known which may also exhibit optical activity, piovided 
that the asymmetry of the molecule has not been destioyed at any time 
duimg then foimation The rotation of the derivative is usually in the 
same direction as that of the original acid, but m some cases the sign 
of lotation is reveised, and in others a racemic compound is foimed 

A pecuhai phenomenon was discoveicd by P Walden during the 
mterconveision of malic acids and chloio succinic acids The obscived 
changes in optical activity may be summansed as follows — 


/ Chloro succinic acid 


PCI, 




KOH, NH 4 OH 


AgOH 


•V 


/-Malic acid 


PCI 


*• 


rf-Malic acid 
A 

AgOH 

I 

Chloro succinic acid 


KOH, NH 4 OH 


The two changes lepresented by the conversion of l chloiosuccintc 
acid into /-malic iacid on the one hand and into rf-malic acid on the olhct 
(by use of AgOH and KOH lespectively) cannot both be consideied 
as normal teactions If one of them is a simple leplacement of 
Cl by OH, the othet must be a leplacement accompanied by moleculai 
reairangement lesulting m the production of the mu ioi- image of the 
expected stiucture A change of the latter type, which makes it 
possible to passftom one optical isomeiide to the othei,is teimed an 
optical mvetston 01 Walden mvetston , and usually occuis with some 
degree of lacemisation Many other such leactions have been studied, 1 
but the cause of the inversion still awaits explanation 2 

H 

Tartaric acids, dthydt oxy-succimc acids t HO 0 COOH 
hydroxy malic acids, butane dtol diaads uq Q COOH 

H 

Special interest attaches to the tartai ic acids, because the investiga¬ 
tion of these compounds by Pasteur led to the first leal advances in 

1 See Opusche Umkehf erschttmngm (Wahlenscfie Umkehnmg) published by Vieeg arid Son, 
Brunswtck-, 1920 > also Cohen, Organic Chemuhy^ Vol II (Arnold) E A suggestion bised on 
the pohrnly of the reacting completes has been advanced by Kenyon and Phillips, Ttam faiarf 
Soc h) 19 ^ 0 , 4 $e 
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our knowledge of optical activity Even to-day these acids aie the 
best known and most completely investigated examples of compounds 
containing two similai asvmmetnc caibon atoms 

As explained in the mtioductoiy section of this book (p 36), thcie 
are in agieement with theory foui steieo-isomcuc taitauc acids, 
distinguished as dextio-taitauc acid, lacvo-taitauc acid, laccmic acid 
and meso-taitaiic acid i cspcclively The following dcsciipUon deals in 
the main with their chemical piopcilies, and foi a discussion of then 
steico-chemical diffeiences lefcience should be made to the geneial 
section 

The stiuctuial foimula quoted above has been vetified expet 1- 
mentally by the synthesis of the inactive acids, eg fiom the silvei 
salt of dibiomo succinic acid by boiling with watei, oi fiom glyoxal 
by addition of hydiogen evanide and hydiolvsis of the lesultmg 
mtnle 


H 
Br C- 

-CO ,Ii 

Jj 

no 

H 

C- 

-CO„H 

HO 

H 

C- 

-CN 

0 

H 

C 

BrC- 

MB 

-co b h 

—>. 

no 


■MT 

-co 2 h ^ 

HO 

1 

C- 

v-4- 

-CN 

0 

<i 

H 


H 



H 



H 


1 Dextro-tartai’lo acid, d tiartaiio acid, is the common fotm of 
tartanc acid It is found in different vaueties of fiuit, paiticulaily m 
giapes, as the potassium hydiogen salt, K.HC 4 HjO 0 The ciudc salt, 
known as atgol or tat tat y is an impoilani by-pioduct of the wine 
mdustiy Owing to its insolubility in dilute alcohol, it sepatates 
during fermentation m haid blown ci usls, m the vats and stoiage 
tubs It selves as the law mateual foi the technical piepatation of 
tartaric acid , the piocess being earned thiough m the following 
mannei 

Crude tutai is neutralised by boiling with watei and chalk, when half of the 
original taihate 15 converted into the sparingly soluble calcium salt, the other half 
remaining m solution as the di potassium salt 

sKIICJhOaS CaCQ, = CaC,II 4 O fl I IC.CJIA, l CO fl I II a O 

By the addition of calcium chloride, the dissolved salt is also transformed into the 
calcium salt The piecipitated calcium taitrate is then sepaiated and decomposed 
with dilute sulphuric acid 'X he solution is filteicd off from calcium sulphate and 
evapoiated undci reduced piesstue in a vessel lined with lead, when crude taitauc 
acid crystallises out It is puufied by dccolonsatton with animal chatcoal and 
ret lystalhsation 

rf-Taitauc acid ciyslalhses in monoclinic pi isms, it is jeadily soluble 
in watei and alcohol but insoluble 111 ether The solution 111 watei is 
dextio-iotatoiy When rapidly heated the acid melts at 167° to 170° 
Heated with a little watei to 175°, it gives a mixture containing much 
racemic and a little meso-taitaric acid, at 165°, on the other hand, these 
proportions, aie reveised 
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Inactivation of this kind is frequently met with among optically 
active compounds The partial oi complete conveision of optically 
active substances into inactive mixtures of the same constitution is 
known as tacemisatton y and may be effected with vaiymg degices of 
ease under the influence of heat, acids, alkalis 01 other leagents (sec 
p 3 f) In a few cases the change pioceeds of itself m the apparently 
pure compound, the optical activity being completely lost in the couise 
of time, the phenomenon is then termed emto-tacemtsation 1 

On being heated above its melting-point, d'-taitanc acid parts with 
water and is liansfoimed into anhydiides, which differ with the degree 
and duration of heating At higher tempeiatmcs the mass becomes 
brown and develops a smell of caiamel, finally, charring sets m with 
the foimation of a laige number of decomposition pioducts, including 
pyruvic and pyio-tattauc acids (pp 255, ^ 7 l ) When heated with 
hydriodic acid reduction takes placej first to malic acid and finally to 
succinic acid The reduction to succinic acid may also be effected 
under the influence of ceitain bacteria 

Taitanc acidj cieam of tartar and taitai emetic aie used as 
mordants m dyeing and printing The acid is also employed 111 the 
preparation of effervescing dunks, baking powder and 111 the manu¬ 
facture of aitificial wine 

Salts of tm tanc acid y tartrates The uses of potassium hychogen taifoate {ete&ttt of 
taffat) have already been mentioned On iccount of its compaiative insolubility the 
foimation of this compound seives as a Iaboratoiy test foi potassium and taitanc 
acid Sodium potassium iathate i Rochelle salt > KNaC 4 Ib i O u 4-4H 2 O l is pi spared 
from cream of tutar and sodium carbonate It foims clear ciystals, leachly soluble 
in water Potassium antimonyl iartraie % tm tar emetic , 

2[KOOC CHOH CHOH COOCSbO)] A H a O 

is obtained by boiling cream of taitar with antimony oxide It is fanly easily soluble 
in water and acis as an emetic Fehhngs solution , containing coppu sulphate* 
Rochelle salt and caustic soda, 2 is a useful reagent When the deep blue solution is 
warmed with compounds possessing leduemg properties, a yellowish ied precipitate 
of cuprous oxide 1* formed 

2, Laovo-tartaric aoid, Vtmtanc actd y is obtained by the resolution 
of racemic acid (see p 41) In its chemical and neaily all its physical 
properties the /-acid is identical with the rf-aetd It diffeis in rotating 
the plane of polarisation to the left, to the same degree as ^tartanc acid 
rotates it to the right 3 The salts of the two acids are veiy similar 
and generally isomorphous, but show opposed hemihedial facets Salts 
with optically active bases, however, differ also in solubility 

3 Bacemia acid, para o> &\-tarianc actd i sometimes occurs with 
the ^-acid m grape puce and can be isolated from the argol mother- 

1 See Walden* Bet , 1S981 SIj 1416 3 The presence of tartaric acids prevents the 

precipitation of many metals by caustic soda 3 Isomeric d and l modifications often differ 
m their physiological action /Tartaric acid, for example, is much more poisonous than the 
(/-acid 
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liquors Its synthesis has ahcady been mentioned, also its foimation 
by oxidation of fumauc acid It is composed of cquimolccular pio- 
portions of d- and /-taitauc acids, and may be obtained by mixing 
solutions of these two compounds 1 The ciystallmc acid has the 
composition 2C 4 II 0 O 0 +2TI 2 O Methods of tesolving the lacemtc 
compound into the active components have alieady been descitbcd 
on p 41 

Racemic acid diffeis fiom the d- and /-acids in its optical inactivity 
and in forming lhombic pnsms It is less soluble than the active 
acids On heating to no 0 , watei of ciyslalhsalion is expelled, and the 
anhydious substance finally melts with effeivescence at 205° to 206° 
The salts, known as lacemates, lescmble those of taitauc acid but show 
no henuhedtal facets Potassium liydtogcn mcemate is moie teadily 
soluble than the couesponding active taitiate, and calcium racemate is 
more spaungly soluble than the calcium salts of the thiee other taitauc 
acids 

4 Meso-tarfcavic acid, CjHgOo+HgO, is foimed by oxidation of 
maleic acid and by heating (/-taitauc acid with watei It resembles 
lacemic acid in being optically inactive, but unlike this compound 
cannot be resolved into active components Meso-tailanc acid is 
therefoie, said to be internally compensated and racemic acid to be 
externally compensated The anhydrous acid melts at 143°, consideiably 
below the figure for racemic acid Potassium hydiogen meso-tat ti ate 
is leadily soluble in water 


Tribasio Hydroxy Acids 

Oitrio aoid, hyd) oxy-ti teatbcUlylicacid, CO 0 H CIT a C(OH)(COOII) 
CH 8 C 00 II + II 2 0 , occurs m the fiee state in lemons, oianges, cuirants 
and other fnut It is prepaied on the large scale (a) fiom the juice of 
lemons, which contains about 6 to 7 pel cent of cituc acid, by piecipi- 
tation with milk of lime and decomposition of the calcium salt with 
sulphuuc acid, ( 6 ) by feimentmg sugais (eg, cane sugar, glucose, 
maltose) with the aid of Citi oinyces pfeffeuanus and Citi omyces glaber 
Synthetically, cituc acid may be obtained from symmetrical 
dichloro-acelone (I), by ti eating it with hydiogen cyanide and 


I 
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CH a Cl 
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1 From cryoscoplc meTsuretnents \t appcTra tint racemic acid in solution la decomposed into 
its components The experiments of Cotton* however) indicate tint copper ncermte exists ts 
such m solution fsee p 34) 
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hydiochlouc acid to give dichlot o-acetonic acid (II), and conveitmg 
this by means of potassium cyanide into dicyano-acetomc acid (III ), 
which by hydrolysis yields citnc acid (IV) (p 281) 

It ctystalhses m huge rhombic ptisms, dissolves leadily m water 
and alcohol, but only with difficulty 111 cthci On heating it becomes 
anhydrous at 130° and melts at 153 0 Above this lempeiatuic citnc 
acid pails with water to fonn acomtic acid (see p 276) If wanned 
carefully with concentrated sulphunc acid it decomposes into caibon 
monoxide, watei and acetone diemboxyhe aad COOII CII a CO CII 2 
COOIi 

Citric acid is employed as a moidanl in dyeing, and is used in the 
manufacture of lemonade 

Other polybastc hydroxy acids, such as saccharic acids , mannosacchartc 
acids , mncic aad and others, will be discussed undei sugais 


Polybasic Amino Acids 

Ceitain lepresentatives of this class aie of liilciest owing to then 
occuiience among the hydiolytic pioducts of pioteins 

H 

H 2 N 6 CO a H 

Aspartic add, amino-mccinic acid, I , contains an 

H C CO a H 
H 

asymmetiic caibon atom and exists in thiee modifications, of which 
l-aspaitic acid is the most impoiLant It is found in beet molasses, 
and is foimed as a liydiolysis pioduct by the action of vanous leageilts 
on animal and vegetable piotems When tieated with mtious acid it 
is conveitecl into /-malic acid, the amino gioup being lcplaced by a 
hydioxy group By means of the Gngnaid leaction aspaitic esters 
may be conveited into ammo glycols 

H 

H 8 N 0 CO a H 

Asparagine, the monoamide of ammo-succinic acid, I 

H C CONH a 
H 

occurs usually as the laevo variety in a numbei of plants, paiticulaily in 

the embiyo It is found in asparagus, beetroot, and in laige amount 

in the seeds of germinating lupins The dextio-foim is also piesent 

in the latter source The optically active aspaiagmes ciystallise 

m cleai rhombic crystals, showing hemihedral facets, they differ in 

taste, ^-asparagine being sweet, while the /-compound is decidedly 
insipid 

On boiling with acids the amtdo group is hydiolysed and aspaitic 
acid formed 
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_ , , ^ TT /CHCNH^ coon 

Glutamic acid, a amtno-glntanc acid, CII^COOII * 

foimed togethci with aspaitic acid by the hydiolysis of pioteins with 
boiling dilute sulphuuc acid, eg , it constitutes about 30 pu cent of 
the crystalline pioducts obtained fiom casein The highest content 
\ca 40 per cent) of glutamic acid is given by ceitain plant pioteins, 
the pi oiammes, occumng in giain Glutamic acid is isolated by means 
of its veiy spaungly soluble hydiochlonde The acid and many of its 
salts aie easily convettcd (eg even on heating to 185°) into pynohdonc 
caiboxylic acid, and aic thus closely lelated to the cyclic amino-acid 

pfohne (p 579) 

Glutamine, the monoamide of glutamic acid, C 8 H r ,(NH 2 )(CONII a ) 
(COOH), is the neatest homologuc of aspaiaginc In the inactive foim 
it is found associated with the lattei in beetioot, the embtyo of the 
pumpkin, and othei plants 

Hydroxy - glutamic acid, a - amino - /3 - hydroxy glutaric acid, 
COOH CH(NII a ) CHOH CH 2 COOIT, has lccently been isolated 
fiom the hydrolysis pioducts of pioteins by Dakin, 1 by his method 
of extiaction with butyl alcohol It is crystalline, dissolves veiy 
readily in water, and on 1 eduction with hydiiodic acid viclds glutamic 
acid With phenols and concenbatcd sulphuuc acid it gives various 
colour 1 eactions 


Dip a sio Aldehydio and Ketonlo Aoids 

Mesoxalic aoid, CO(COOH) B + H a O or CCOHXCCOOII)^ is denved 
from malontc acid, and its constitution picsenis a pioblcm similai to that 
of glyoxalic acid (p 253) The compound cannot be obtained without the 
molecule of watei quoted in the above foimulse, and it must theiefore 
be assumed that this does not occui mciely as watei of ciysta!lisa~ 
tion, but is united to the lceto-gioup to foim two hydioxyl gioups 
Nevertheless, the kelontc natuie of the compound is clearly shown 
in its powei of combining with alkali bisulphite, phenyl hycha/ine 
and hydtoxylamine, and also in its behavioui on 1 eduction Nascent 
hydrogen, for example, conveits it into tartiomc acid , CIIOH(COOH) a , 
containing a sceondaiy alcoholic gioupmg When boiled in aqueous 
solution, mesoxalic acid evolves caibon dioxide and yields glyoxalic 
acid, a reaction which is most leadily explained by the hydioxy acid 
formula 

COOH C(OII), COOH » H C(OIT) 2 COOII + CO a 

The ethyl ester of mesoxalic acid is actually known to exist in the two 
foims, C(OH) a (COOC a H 6 ) a and CO(COOC a H 6 ) 2 

Mesoxalic acid is most conveniently piepaied by heating dibromo- 

1 Dakin, BtocJmn J t X^iS, la, 290 
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malonu, acid with sodium hydi oxide It ciyslallises m deliquescent 
prisms, mp 121 0 

Oxaloacetic estox is produced by the condensation of oxalit .uid icclu estus, 
foi the mechanism of this leaction, see p 256 ct suj 

CjH-OOC COOCjH E + HjC cooc.,ii b - > C n II # OOG CO Oil, COOC ,11. 

Oxalic cat or Acotlo estor tu nlltJ flfuoi 

The ester is a colotnless oil which, like accloacctic cstci, nny be icgardotl as ft 
mixture of two tautomeric iouns, vu , 

C H fi OOC CO CH 2 COOCJIo ami C^lI 6 OOC C(OII) CII COOCjTI 0 

It undergoes hydiolysis in two ways When boiled with ti 1 Ict. 1 1 s t <( n.cicl hyiliolysis 
(I) takes place with the foimation of oxalic 'icid, acetic acid, and ilcohol On Lho 
other hand, boiling with dilute sulphuric acid bungs about c4 Ucloiuc li>tliolys- 1fa{II ) 
into carbon dioxide and pyruvic acid When heated done, ( ubon monoxide is 
evolved and malontc ester fotmed (III ) 

I c a HAC CO ch^ coah b —> no a c 00,11 f on, coon 1 2C,n 0 on 

n c 3 hac co ch b co 2 Cnii^ —^ iio,c co cn n i co t! 12 C,n 6 on 

III CaHAC co CII, CO a C a II d - > O e II 0 O a C CII a U)^U Q \ CO 

Aootone dtoaiboxyUo aoid, p keto gluianc aa(f % 1100C CII, CO CII a C001I, 
is obtained from citric acid by warming it with fuming sulphunc acid, 

H0 a c CH a C( 0 H)(C 0 2 H) CH a C0 3 II s IIO a C CII B CO CII a COjII I co i n a o 

or by oxidation with permanganate It dissolves readily m wfttet and in ethei, and 
melts about 130 ** with decomposition into caibon dioxide md acetone l'oui of the 
hydrogen atoms in acetone dicarboxylic acid can be replaced by sodium, since ea< h 
methylene group lies between two caibonyl gi oups 

Oxalo sucoinio aster, CO-CH-CIIa, is foimed by condensnifi* oxalic 

I I I 

COOEt COOEl COOEt 

and succinic esters m the piesence of sodium ctlioxidc H exists in two liquid 
modifications, of which one (enohe) gives a deep ted coloiation with feme cliloudo 
and the other (ke tonic) gives none 1 

Dlaceto sucoimo ester is piepaicd by the action of iodine cm 
sodium acetoacetic ester (bee p 260) As has already been mentioned, 

it has proved of great service in the expei 1 mental investigation of 
tautomerism 

The compound exists m desmotropic modifications which may be 
ketomc (I ) or enohe (II ) in structure 

I CH 3 —CO—CH—COOCjHg II CII 8 —C(OII)—C—COOCjIIj 

CH 8 —CO—CH—COOC 3 Hj CII B — C(OII)=C—COOC 2 II c 

In diaceto-succimc ester, however, we have the possibility of othci 
types of isomerism The ketomc form contains two similar asymmetric 
carbon atoms and should exist, like taitanc acid, in dextio , laevo-, 
racemic and meso-modifications In addition, the unsatui ated enohe 

1 W Wislicenus and WaldmUller, Be> , rgir, 44, 1564 
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form would be expected to exhibit geometrical isomeiism and to occur 
m the following thice stei eoisomeric vauetics 


CH« Oil 

\/ 

C 


COOC 3 II c 

/\/ 

C 2 H B OOC c 
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Finally, theie is the case in which both the ketonic and enohc 
stiuctures may be united in the same molecule to give the mixed foim, 


CH B —CO -CII—COOC 2 II 5 
CII,—C(OII)=C-COOC^IIg 

opening up the possibility of six mote isomerides, vns, the as and ttans 
compounds, each of which may be expected to occui in d-, l- and forms 
In all, thirteen diffeient diaceto-succinic esteis aie to be expected fiom 
tlieoi etical considerations 

Up to the piesent five Isomenc esters have been actually isolated, 
two optically inactive keto-foims (tetmed /3- and y esteis 1 espectively) 
and thiee cnol-founs («-, a a - and a 3 'CStei s') The enohc foims differ 
from the keto compounds m possessing weakly acidic charactet a- 
and a 2 ~esiets give the chaiacteristic feme chloiide leaction, « 3 -, / 3 - 
and y-esters, on the conti aiy, do not 

These diffeient isomeiides ate only stable in the solid state In the 
fluid 01 dissolved state all five undeigo change, so that, whalevei foim 
is staited fiom, the final mixtuio contains all five modifications in 
propoitions which vaiy with the conditions 

In the cold this mtiamoleculai change takes place so slowly that the 
relative amounts piesent in a homogeneous mixtuie can be estimated 
with sufficient accuiacy by the mechanical sepaiation of the components 
{eg, ireeiing out, followed by filtialion) Numerous quantitative 
expenments cained out by Knori have shown that the desmotroptc 
diaceto-succnnc esters, m the fused state 01 in solution, form a mixtuie 
of isomerides in equilibuum with one anothei Such a mixtuie has 
been called an alleiotropic mixtuie 

The examination of the diaceto-succinic esters has also shed moie 
light on othei cases of tautomensm, in which the changes occui 1 mg 
cannot be followed satisfactorily by existing methods A summaiy of 
the general conclusions arrived at by Knorr is given on p 63 
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XVII 

Aldehydic and Ketomc Alcohols, 

Carbohydiates 1 

The caibohyd rates are of the gieatest impotlancc fiom the 
theojctical as well as the ptactical standpoint As foodstuffs they 
undoubtedly lank m the first place, and with the single exception of the 
pioteins, no class of oiganic compounds is of such value m the study of 
the chemical piocesses which take place in plant and animal oigamsms 
The Lcim caibohydiate onginally coveied thiee gtoups of compounds, 
viz, those including glucose C 0 II 12 O 0 , cane sugai C l8 lI 23 O n , and cellulose 
(C g H 10 O s )„ lespectively As may be seen fiom then foimuke, these 
substances aie all composed of the thiee elemcnls caibon, hydiogen 
and oxygen, united in chaiactenstic mannei The numbei of caibon 
atoms is six or a multiple of six, and there aie twice as many hydiogen 
atoms as oxygen atoms in the molecule The last two elements aie 
thercfoie piesent in the pioportions lequned to foim watci, a 
pecuhaiity which gave rise to the term carbohydrate JLatci, howevei, 
as the classical leseaiches of Emil Fischei thiew moie light on the 
constitution of these compounds, and the gieat numbei of examples 
already known became mcieased by the addition of numeious synthetic 
pioducts, the conception of the teim caibohydiate had to be expanded 
and a new nomenclature mtioduced Befoic going into the question 
in detail, it may be lemaiked that the catbohydiales of the glucose 
gioup, C 0 H 13 O a , contain two hydrogen atoms less than the hexahydnc 
alcohols, (see p 246), and from then chemical chaiactei aie 

divided into aldehydic alcohols and ketomc alcohols A simplet example 
of an aldehydic alcohol is gtycolhc aldehyde, CH 2 OII CHO, and of a 
ketomc alcohol, dihydioxy-acetone, CH 2 OH CO CII 2 OH 

The fust division of the caibohydrates is into thiee main classes 
accoulmg to then complexity, viz 

A Monosacchar ides, eg, arabinose, C 6 H 10 O|5, glucose, C 0 H 12 Oo 

B Di- and tr1-saccharides, eg, cane sugar, C^II^Oj,, raffinose 

^lgKaaOjg 

C Higher polysaccharides , eg, starch, cellulose, (C 0 H 10 O 6 ) h 

Owing to their sweet taste and crystalline chaiactei the mono-, di- 
and trisacchandes are geneially grouped togethei undei the name of 
sugars The chaiactei of a monosacchande, onginally associated with 
the pi esence of six cai bon atoms in the molecule, is nowadays detei mined 

1 E E 1 iseherg Synthesen in der Ztickergrtippe ” Bet , 1890, 28 2114 K l Armstrong, 
Tfte 1 Sttnpfo C at Mtydt aUs and the Glucosuies (Longmans, Greenj 19^4) W N Haworth, I he 
Constitution of Sugats (Arnold, 1929) 
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tn.unly by it? constitution as an aldehydic alcohol containing the 
gioup -CIIOII CII O, 01 as a kctonic alcohol with the gioup 
— CO CIIOII In this class aic included not only those compounds 
with six c.ubon atoms, but many with a smallci 01 gicatci numbci than 
this A fiulhci distinction is diawn between aldehydic and kctonic 
sugai s by use of the teims aldoses and ketoses The numbei of 
oxygenated caibon atoms piescnt in the molecule is indicated by adding 
the neeessaiy piefix to the tci nnnation -ose In this way monosacchai ides 
<ite subdivided into the smallci classes of biases , tnoses, tetioses,pentoses , 
lit i ost f, h(ptoses, otloses and nonoses Since, howevci, the members of 
th esc gioups may be cilhei aldehydes oi ketones, this is cxpiessed by 
use of the piefix aldo- oi keto- respectively Foi example, glyceuc 
aldehyde, CII» 01 I CIIOII CIJO, is an aldotnose, and chhydioxy- 
aectom, GIT,Oil CO CII 2 OII, a koto/, lose 

X he polysacchai ides appeal to be anhydudes oi cthei denvatives 
of the monosaechaiides If they aic foimed fiom 2 mols of the 
monosacchaiide by loss of I mol vvatci they ate turned disacchandes, 
eg cant sugai, C 12 H ; i,O n Raffinose, C ia H B3 O 10 , is a tnsacchande 
foimed fiom tluee monosacchai ide molecules by elimination of 2 mols 
watu Gcncialismg these foimulm we obtain «C 0 H 12 O 0 —(«—i)H a O 
If u is vciy huge, the faetoi n — i appioximales to «, and we have 

«C lt II u O (( «IIjO - »(Cflllj ,0 a -11,0) - «(C 0 II 10 O fi ) 

I he lattu is the foi mula foi the lughei polysacchai ides, including 
staich and cellulose All polysacchai ides undeigo hydiolysis, taking 
up watci to foi m monosacchai ides 


I —MONOSACCHARIDES 1 


llie numbei of monosacchai ides known is in the ncighbouihood 
of fifty, of which ten occm m naluie and the lcmamdei aic synthetic 
1 he existence of such a huge numbci of compounds is due to the picscnce 
of nsymmctiic c.ubon atoms within the molecules Aldohexoses, foi 
example, which include glucose, a sugai of gieat histoncal and practical 
inkiest, contain no less than foui asymmetnc atoms, each of which 
may be piescnt in cilhei the d- oi /- configutation It has aheady 
been shown on p 35 how lapidly the numbci of steteo isomeiides 
mei(vises with uich acldiliondl asynitnctiic aloiti 

A list of the best known monosacchai ides is given below 


Jit ose 
Ifiosts 

Jthosts 

J V;; ioses 


ClipiI Clio, glycol lie aldehyde 
I c II on CIIOII CIIO, glyceuc aldehyde 
a C 11,011 CO CII a OII, dihydioxy acetone 

ImvUuosl, ptobably ft mixtuie of CHjOII (CHOii; a 

and ClIjOII CIIOII CO CII,OII 
CII.OII (CIIOII) 3 CIIO, arnbmosc, xylose, ubose 


CHO 


i I*or the connection between the constant,on of d.phaUe compound, and tl,e,r sweetness of 
teste, bcoU Oertly imd R G Myers,/ Am C S , igi9i 8 5S 
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Methyl pentose CH 3 (CIIOH) 4 CHO, ihamnose 

Hexoses i CHoOH {CHOII) 4 CHO, glucose, gulose, mannose, 

galactose, talose 

2 CH,OH (CHOII) a CO CH 2 OII, fmctosc, soibosc 
Hepfoses CH a OH (CHOH) fi CIIO, mannohcptoso, glucoheptose, 

galaheptose 

Octoses C 8 H, 0 O g 

Nonases C()H ia Oo 


An explanation is requued as to the way in which the optical 
lsomendes are named In accordance with a suggestion of Fischei, 
the structure of the sugais is, wheievei possible, icfcncd back to 
that of the active glucoses Any othei monosacchande standing 
in close structural relationship to one 01 othei of the glucoses is 
generally labelled with the conespondtng lcttei d- 01 /-, mespective 
of the actual sign of its rotation Oidinary fiuclose, foi example, 
which is kevoiotatoiy, is commonly Leimcd </-fi uclosc, owing to its 
spatial relationship to d glucose, and natuially occulting - aiabinose, 
which is dextioiotatoiy, isteimcd/ atabmose to indicate its lelationship 
to /-glucose This is illustiated in the following fotmulae, in which 
theteimmal aldehydic 01 ketonic gioup is wntten uppeimost, accoid- 
mg to the usual convention a CHOH-gioup having the hydioxyl on 
the right of the formula is then legalded as being of the ^-configura¬ 
tion and vice versa In the following pages the asymmctiic caibon 
atoms are omitted and simplified piojection foimulaa employed 


CHoOH 

I 

CO 

HO—I—H (/) 

H-OH (d) 

H-OH (d) 

CH,OH 

•w 

d fructose 


CHO 

H—I—OH (d) 
HO——H(/) 

H-OH Id) 

H-OH (</) 

CH 2 OH 

d glucose 


CIIO 

IIO-II (/) 

H-OH (d) 

IIO-II (/) 

HO—H (/) 

ch 2 oii 

/-glucose 


CIIO 

II—I—OH (tf) 

IIO-II (/) 

HO-II (/) 

CIIgOH 

l-xi ibinose 


In some cases the actual sign of the lotation given by a compound 

is indicated in the following pages by the use of the signs 4- and —, 

eg d (~)-fiuctose for ordinary fiuctose In addition, the picfix dl- 
mdicates a racemic and a meso form 

Wohls work on glycerose now enables the family i elationships 
to be carried back to the d- and /-glycei oses, fiom which all othei 
sugars can be derived by extending the molecule on the side of the 

CHO CHO aldehyde group by leaction with IICN (see 

H—j—OH HO_H P 2 9 2 ) The nomenclatui e foitunately ic- 

CH OH CH OH unchanged, as nkglyceiose is t/-iotatoiy 

(/glycerose /glycerose and is genetically related to rAglucose Hence 

^ W1 ^ l 36 seen that the family of a sugat is 
determined in each case by the spatial anangement of the CHOH- 

group adjacent to the terminal CH a OH, no matter what the disposition 
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of the lest of the molecule may be ( cf table on p 301) If this gtoup 
has a dextio configuiation, as indicated by wilting it with the Oil to 
the i ight, the sugai is classified as belonging to the ^-family 

The same system is applied to othci dcnvalives of the mono¬ 
saccharides 

General Properties and Methods of Formation 

The monosacchaiides aie sweet-tasting compounds, the chemical 
behavioui of which may be deduced fiom their stiuctuie as aldchydic 
or ketonic alcohols 

As alcohols they unite icadily with acids to foim esteis> eg , acetic 
anhydi ide convci ts them into acetyl dei ivatives, and with niti ic acid 
at o° they form mtiates The phosphonc e sitin' of pentoses and hexoses 
aie of gieat physiological impoitancc, the foimei as disiuption pioducts 
of many nucleic acids (p 771) and the lattei as being essential foi the 
biological degiadation of carbohydiales, eg in alcoholic fei mentation 
and during musculai effoit 1 (see p 314) With tnoiganic bases the 
monosacchai ides yield alcoholates, those fiom glucose, foi example, 
being known as glucosates 

As aldehydes 01 ketones they aie chaiactciiscd by numerous 
reactions, only the mote impoitant of which need be quoted On 
reduction they take up two atoms of hydiogen and pass into the 
cot responding alcohols, fiom a pentose is obtained a pentitol or 
pentahyduc alcohol, and fiom a hexose a hcxitol ot hexahydnc 
alcohol On oxidation they yield caiboxvhc acids Cautious oxidation 
convci ts aldoses fiist into the coiiespondmg monocaiboxyhc acids 
containing the same nuinbci of caibon atoms, aldopentoses being 
tiansloimcd into pcnlonic acids, CII 2 OII (CIIOII) B COOII, and aldo- 
hexoses into hexonic acids, CII a OII (CIIOII)! COOII With stronger 
oxidising agents the pioccss may go fuilhei and hexoses, foi example, 
may be oxidised to the concsponding stcieo-isomcuc sacchauc 01 
tetra-hydioxy-adipic acids, COOII (GIIOH)! COOII As would be 
expected, the ketoses on oxidation yield acids containing a smallei 
number of cai bon atoms The t educingpi opei ties of the monosacchai ides 
aie shown in then behavioui with ammoniacal silvei nitrate solution, 
fiom which silvei is piccipitaled, and pailtculaily with Fehting’s 
solution, fiom which on wairamg a ieddish piecipitate of cupious 
oxide is thiown down In the absence of other reducing agents, 
the last reaction may be employed not only foi the qualitative detection 
of the monosacchai ides, but also foi then quantitative estimation 

Some of the moic impoitant piocesses which have been devised 
foi studying the lelalionships among the simplei caibohydiatcs aie 
descubcd 111 the following pages 

1 Compare B A Harden and W I Young ( Chem Soc , 1905, Slj 189 G Embden 
nnd M Zimmermann* 4 ttt phyndl C/iem , 1927, 10 * 7 t 114 

r 
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Osazones and the Conveiston of Aldoses into Ketoses 

As aldehydes 01 ketones the monosacchai ides also lead with hycha- 
ztnes and hydroxylamine Phenyl-hydta^ine % C ( jH 6 NIINII 2 i has piovcd 
of the gieatest value in the sepaiation, identification and into 1 convciston 
of the vaitous monosacchai ides Without the aid of this icagcnl 
the bulhant researches of Fischei in the sugai gioup would haidly 
have been possible 

When i mol of phenyl-hydrazine reacts with I mol of an aldose 
oi ketose, the fitst product is a normal hydiazonc (see p i 7 2 ) 

CH 2 OH[CH 0H] 4 CH 0 + H s N NIIC fl H fi 

Glucose 

- CH 2 0H[CH OHJi CII N NIIC 0 II 6 I II 2 0 

Glucose phcnyl-hydi i/onc 

On warming with excess of phenyl-hydiazine, howevet, the 
hydrazone first foimed is oxidised in such a way that the CII Oil 
gioup adjacent to the otigmal aldehydic 01 kelomc gioup is conveitcd 
into a CO gioup 1 The lattei then combines with moic phenyl- 
hydrazine to give a didiydrazone containing the gioup I These 
compounds are termed osasaones 

CH N Nil C a II 5 

C N NH Glucosazone 

(CHOH) 8 
CH 2 OH 

Puor to Fischet’s leseaiches one of the gieatest bameis to a 
wider knowledge of the monosacchaudes lay in the difficulty of 
separating mixtures of these sugais by ciystalhsation, owing to then 
high solubility in watei and tendency to foim syiups The value of the 
osazones depends on the fact that they ate spaimgly soluble^ and 
easily separable by ciystalhsation, and, in addition, fiom then 
characteristic melting-points and ciystallme fmms it is possible to 
identify the paient sugat with ease and ceitainty 

The recognition and isolation of Jetoses is a matter of some difficulty owing to 
their lack of characteristic reactions With secondary hydrazines of the type of 
phenyl-methyl hydrazine* however, the ketoses give phenyl methyl osazones by which 
they may be identified (Neuberg, Ber , 1902, 36 , 959, 2626) Aldoses only react with 
this base to foim colourless hydrazones, which m all cises aie easily distinguished oi 
sepnated from the highly colouied osazones 

Osazones, like all hydrazones, ate hydiolysed on being heated with 

1 In this reaction phenyl hydrazine removes two atoms of hydiogen from the sugar and 
is concerted into aniline and ammonia C 0 H e NH NH 2 -f aH^C e H e NIT^NHe 


CH N NH C*H fi 

I 

C N NH C 6 H 6 
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hydiochloitc acid, when phcnyl-hydia/ine is legeneiated The sugar 
onginally employed, howevei, is not legained, but the group 

—C( N Nil Cflllj)—CH( N Nil C fl II 6 ) 

is conveitcd into the gioup —CO CHO The compound so formed 
is an oxidation pioduct of the original sugai, and is termed an oaono 
In the example quoted above glucose yields 

ClipII(CIIOII) 8 CO CIIO 

Glucosouc 

On mild ieduction of this compound the aldehydic gioup alone is 
attacked and con veiled into an alcoholic gioup, the keto group 
icmainmg unchanged In this case, thuefoic, the sugar finally obtained 
lb ftuctose, in place of the glucose used as stalling mateiial 

CIipiI (CIIOII) B CO CII 2 OII 

Fittuose 

In these tcaclions we have a qenetal method of itatisfonmng an 
aldose into a hetose, accoiding to the scheme 

Phenyl II)<holysis Reduction 

Aldose-■>- Osu/onc->■ Osone ->■ ICetose 

Ilydr'umc 

Degtadation and Synthesis of Aldoses 

Monosacchaudes leact with hydioxylaminc to yield oximes, the 
aldehydic oi ketome oxygen being leplaccd by the gioup N OH 
By means of these compounds it is possible to bung about the 
degtadatwn of a higher aldose to one of lowet cat bon content Foi 
example, glucose foims the oxnnc CIIgOH (CIIOI'I) 4 GII NOH, 
which on being heated with acetic anhydudo paits with watei and is 
conveitcd into the acetyl dcnvalivc of the mtiilc C H 2 0 IT (C HO 11 ) 4 CN 
lhc lattei on lieatment with ammoniacal silvci niLiate is decom¬ 
posed, yielding hydiogen cyanide and the cotiesponding aldopentose, 

d aiabmosc 

CIipiI (CIIOII) 8 CIIOIT CN-■> IICN I CIipiI (CHOII)s ch o 

Aldoses may also be dcgiadcd by conveitmg them into the 
conesponding monobasic aeids, ei> CII a OII (CI-IOII)* COOII, and 
oxidising the lattei in the foim of then calcium salts with hydrogen 
peioxide and a tiaco of a feme salt {kentorfs teagenf) In this leaction 
the caiboxyl gioup is eliminated as caibon dioxide, and at the same 
tunc the adjacent alcoholic gioup is oxidised to aldehyde 

CIipiI (CtIOII) 8 CHOU COOII hO 

-> CIipiI (Cl IOII), CIIO + C0 3 I- HP 

Monosacchaudes, as aldehydes and ketones, also unite with 
hydiogen cyanide to foim cyanhydnns I 3 y use of this leaction we 
may effect the synthesis of a highet ft oin a lowet aldose The 
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cyanliydnns are first hydrolysed to hydioxy acids, which aic leadily 
converted into lactones The lattei ate then teduced to aldoses by 
means of sodium amalgam and dilute sulphmic acid Glucose, C 0 II ia O 8 , 
under these conditions yields a new sngai, C^Il^Oy 


CH s OH [CHOH] 4 CH 0 H HCN 

Glucose 


> CII,OH [CHOIIj, ciioii cn 


Glucose cymhydnn 


CH a OH CHOH CHOH CHOH CHOH CHOU COOH 

Glucose carboxylic acid 

CHjOH CIIOII CHOH CH CIIOII CIIOH CO 


H, 


0 


2H 


Lactone of glucose carboxylic icid 

> CHoOII CHOH CHOH CHOH CHOU CHOII CH O 


Gluco heptose 

In a similar manner gluco-heptose may be used to build up an 
octose The synthesis has been earned as fai as the nonoscs 


Conversion of Ketoses into A Moses 

In this connection a series of reactions may be mentioned by means 
of which it is possible to pass from ketoses into aldoses The kelose is 
reduced to the corresponding alcohol, which on oxidation yields a 
monobasic acid This in turn readily passes into the lactone, fiom 
which an aldose is obtained by reduction, eg 


^ , Reduction 

CH 3 OH(CHOH) 8 CO CH a OH -^ CH 2 OH(CHOH) a CIIOII 


CII a OII 


Ketohexose 

Oxidation 
->- 


H exitoi 

CH 2 OH(CHOH) 8 CHOH COOH 

Hexomc acid 


H fl O eliminated 


> CH a OH CHOH CH CHOH CIIOH CO 


Reduction 
- > 


-o- 

Lactone of the hexomc acid 

CH ? OH (CHOH) s CHOH CII O 

Aldohcxose 


Bpzmer isatton 

In synthetic work with the aldoses considerable use has been made 
of a process termed eptmet tsaiton^ which revel ses the con Agination of 
the CHOH-group in the a position to the teimmal aldehyde giouping 
(pf P 38) The aldose is first oxidised to the corresponding mono- 
carboxylic acidj which is then heated with aqueous quinoline 01 pyridine, 
when the mveision of the «-gioup is more or less completely efiecled 
On convei ting the new acid into the corresponding lactone, followed 


YO 
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by i eduction, a new aldose is obtained This piocess may be illustrated 
by the ti ansfoimation of glucose into mannose 


II- 

IIO 

It- 


Clio 

-!—oi-i 

-H 
-OH 
—OH 

CII.OI-I 

(l glucose 


II- 



II 

no 

n 

H 


cooii 

on 
n 
on 
on 






1 





ciipn 

d glm onit u id 


licit with 
quinoline 



COOII 



CHO 

IIO- 


—H 


HO- 

1 

—H 

IIO- 


—H 

Hctone 

IIO- 


—H 

H- 


—Oil 

reduced 

H- 


—OH 

H~ 


—OH 


II- 


—OH 


CH.OH CH„OH 

** dr4 

d mTnnomc tcicI d mannose 


In this mannei a numbei of new aldoses have been prepared 


Other Reactions of Sugars 

With the aid of the Gngnaid icaction hydiocaibon ladicals may be 
added to the sugai molecule 1 

On wanning with alkalis the monosacchatides give yellowish-biown 
solutions and finally lcsinify 

The picscncc of a sug<u can often be delei mined qualitatively by 
cettain coloiu reactions Among these may be mentioned the forma¬ 
tion of furfural (see index) by the action of heat on any monosaccharide 
in the chy slate If a papei pieviously heated with aniline acetate is 
held m the escaping vapouis, it develops a led coloiation 

Mohsclh test is also a gcneial one This consists in adding to the 
sugai solution one 01 two diops of a solution of a-naphthol, and pouring 
down the side of the vessel a little conccntiated sulphuric acid (ftee 
fiom tuliic acid) 1 he fmfuial deiivatives formed by the action of 
sulphuric acid pioduce a violet coloiation at the junction of the two 
liquids, eithei in the cold oi on gentle wanning 

Monosacchandcs have been piepaied ailificially by the following 
methods 

i A valuable staiUng point foi the synthesis of natural sugais was 
chscoveiecl by E Fisclici in glycciol On caicful oxidation with mtnc 
acid, or with biominc watci and sodium carbonate, glycerol yields a 
pioduct which gives the icaclions of the monosacchaudes and is there- 
foie known as glyccrose Among othei constituents this substance 
contains a huge piopoition of dihydroxy-acetone, CII 2 OH CO CII 2 OH 
Under the influence of dilute alkalis glycciose condenses to a 
ketohexose, a-acrose oi dl-i\ uclose, fiom which both glucose and 
fiuctose can be obtained 

CIIjOH CJIO CIIOII—CIIOI-I 

I I by iklol I 1 

CO | CIIOII -4—^- CO CHOII 

| | condens ition i j 

cii 2 oii cii 9 on cii 8 oii CII 2 0II 

Partial rearrangement with illcahs a-acrosc 

b (dl fructose), 

1 Pul, Be) , igo6, 80,1361, 2823 , I 9 ”i ^ 4 , 3343 
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Aldoses and ketoses may also be foimed quite gencially by 
oxidation of the cot 1 espond mg alcohols (fot example, with mine acid, 
sodium hypobiomite, hydiogen pcioxide and feuous sulphate, or lead 
pei oxide and hydiochloric acid) In this way aiabinosc, C c II 10 O s , may 
be obtained fiom arabitol C 6 H 12 0 6 , and mannose fiom mannitol 

2 The same «-acrose that is foimed fiom glyceiose can also be 
prepared fiom foimaldehydc On allowing the lattei to lemain in 
contact with lime-walei it undcigocs the aldol condensation (see p 171), 
and amongst othei compounds a mixtuie of sugais of the foimula 
C,H u O fl is produced, known as fottnose, fiom which a-aciosc may be 
isolated 

II 2 C O+HCH O + HCH O + HCH O + HCH O + HCII 0 

= h 2 c oh—ch oh—ch on —cii on —cii on —cii o 

3 The foimutton of monosaccharides by the liydiolysis of 
polysaccharides with dilute acids has been mentioned on p 287, eg 

CijHojOji + HjO — aCjIIjjO^ 

4 Highei aldoses may be built up fiom lowei membeis by the 
cyanhydnn method (see p 292) 

Sugars prepared by complete synthesis m the laboiatoiy aie 
always fust obtained in an optically inactive foim, whcieas those 
produced m plants by the assimilation of carbon dioxide aie active 
Laboiatoiy methods, however, also yield active pioducts if optically 
active mateiials take part in the leaction (see asymmetne synthesis, 
p 46) This is what occuis m the natural process, since the conveision 
of caibomc aetd into sugai is undoubtedly biought about m collaboia- 
lion with the optically active substances of the chlotophyll nucleus 
Theie is therefore no fundamental difleience between the aitificml and 
natural synthesis of optically active compounds 

1 Bioses, Trioses and Tetroses 

The simplest example of this group is glyoollio ald©hyde } CII 2 OII CHO^ which 
can be obtained fiom glycol by oxidation with hydiogen pci oxide, 01 fiom biomo 
acetaldehyde, CH 2 Bi CHO, by tieatment with baiyta It is a syrup of somewhat 
sweet taste Ihe two trioses, g'lyoorio aldehyde and dihydroxy acetono^ hive 
ahead/ been mentioned (pp 244, 293) The foimer is prepaicd by oxidation of 
acrolein acetal and hydrolysis of the resulting acetal of glyccnc aldehyde It occurs 
in a stable dimolecnlar form, m p 138°, which in aqueous solution is slowly trans¬ 
formed into an enohe syrupy mono molecular form 1 Dihydroxy acetone is a ciystallmc 
compound* imp 68-75°, which 15 soluble in water and has a sweet taste With 
sodium amalgam it is readily reduced to glyceiol 

Glycolhc aldehyde and glyceric aldehyde diflfei from higher aldoses in the eise 
with which they polymerise to compounds of twice then moleculai weight In 
other ways also the aldehydic character is moie pronounced than with the higher 
sugars Among the tetroses, dl erythiosa is obtained by oxidation of the cone 

1 Woh], Bei , 1898, SI, 1796, 2394 See also H G Reeves, / C 1927 , 2477 
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spending alcoliol i eiythritol, and by tlie condensation of glycolhc aldehyde In the 
found case the pioduct consists mainly of a mixture of aldotetiosc and ketotetrose , 
in tbe lattei c ise the aldotetiosc is piobably foimcd 

Additional methods of picpaung tctioscs include the degiadation of 
pentoses by way of the oximes (sec p 291), and the oxidation of ptntomc 
acids (in the foim of then calcium salts) with hydiogen pcioxidc in the 
P» esence of a tiace of feme salt (p 291) 


2 Pentoses 


Aldopentoses of the foimula 

011,011 CIIOII CIIOH CIIOII CH O 

contain thiee asymmetric caibon atoms, and accoiding to theoiy 
should theiefoie exist m eight optically active and foui lacemic fotms 
Two of these, l-ai abmose and d-xylose t occm in the combined state in 
the vegetable kingdom in the complex polysacchai ides pentosans, and 
in the foim of glucosidcs d -nbose is found as a constituent of the 
nucleoptotems (p 770) These natutally occuiiing sugais aic descubed 
below Othei pentoses have been ptcpaicd synthetically 

In then chemical behaviour pentoses possess the geneial piopeitica 
of the monosacchaudes, but in addition give chaiactcustic inactions by 
which they aic easily lecogmscd and distinguished fiom hexoses 
For example, when heated with diluted liydiochloiic 01 sulphuiic acid 
they yield fu>futa/, C e H, 0 2> (methyl pentoses give methyl furfulal)i 
which forms spatingly soluble derivatives with phcnyl-hydra/ine, 
pyiogallol, phloioglucinol and batbilutic acid This leaction is used 
in the quantitative estimation of pentoses 1 A qualitative test for 
pentoses consists in heating them with hydtochloi ic acid and phloto- 
glucmot , when a cheny-icd coloiation is pioduccd 
The pentoses do not undergo fei mentation 
/(4 )Aiabinoae, 2 is obtained togclhei with xylose by 
aiabic, cheny gum, 01 the pith of mai/c and eldct with 
dilute sulphuiic acid (hydiolysis of pentosans) It founs 
prisms, m p £60“, and is dcxtioiotatoiy On 1 eduction 
it yields \~aiabitol , and on oxidation passes fiist into 
1 arabonic acid , CH a OH (CHOII) a COOII, and finally 
into \~ti ihydi oxy-glutai ic acid, COOII (CIIOII) B COOH 


boiling gum 
CIIO 


II 

IIO 

no 


on 

II 

■II 


CllgOII 


AAi ftbinosc 


d( -)Ax'abino«e, the optical antipode of the ibove compound) is pioduced by the 
degiadation of d glucose online 01 of d gluconic acid dl Aiabinofso, m p 164^ is 
formed by combination of ihe Uvo optically active components and is possibly the 
pentose winch is piescnl in human mine in cases of pcntosuim 

1 Ber » igoa, 44 \o Jolles, Am , igo^, 8B1, 38 For furfural, see index 3 For further 

inform ition concerning the methodi by which the conrigurationB of the pentoses mul hcxoscs have 
bc.cn derived, see Coheiij Otgatite C/temishy^ Part 111 (Arnold) t Armstrong, 7 he Suttph Caiho* 
hyd) alts and ihe Ghtcosules (Longmans, 1924), II north, fhe Cousiiitdtoti of Sugats (Arnold, 
1929) 
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II 

IIO 

II 


Clio 

-Oil 
—H 

—on 


CII 2 OII 

d \jlose 


rf Xylose, 01 wood sugar, can be obtained fiom a vauety of 
vegetable products, eg by boiling bian, wood 01 straw 
with dilute acids It is best piepared fiom maize cobs 1 
It is dextiorotatoiy, and on i eduction yields z-xylilol 
When oxidised it gives fust zf-xylonic acid and finally 
z-trihydioxy-glutauc acid zf-Xylose is also formed by 
the degiadation of d gulonic acid, and by synthetic 
methods may be conveited into tf-gulose When 
degiaded through the oxime it yields z^-threose, which is oxidisable to 
/-taitanc acid These reactions lead to the above configuiation foi 
rftxylose 

zf-R-lbose is present in ceitain nucleic acids® (p 77 1 ) 

It forms the same osazone as d arabmose, and there¬ 
fore has the configuiation given 

Arabmose and xylose exhibit mutaiotation (see 
P 88), the rotation of a fieshly piepaicd solution 
changes with time until a constant value is attained 
In both these cases the iotation diminishes An 
explanation of this peculiauty is given on p 299 

Other widely distributed membeis of this group aie the methyl - 
pentoses , which aie found in polysacchandes and glucostdes of vegetable 
origin 

Compounds of this type aie 


II. 

II- 

II 


CIIO 
—Oil 

-on 
—on 


CHjOii 

(/-Ribasc 


OH OH H II 


II II OH 


rliamncse CH 


8 


CHO, and fucone CII * CHOU 


cno 


h n on oh 


OH OH 11 


Rhamnose occurs in many glucosides and has played an impoitani 
pait in connection, with the stereo-chemistry of sugars The question 
of its configuiation has been settled by Fischei and Zach’s synthesis 
of zjtf-iliamnose, 3 the fiist synthesis of a methyl-pentose to be effected 
Fucose is a constituent of many vegetable polysaccharides 

Fot simplicity of piesentation the pentoses have been icptesenlcd 
in the foiegoing pages as open chain sugars The work of Havvoith, 
however, leaves no doubt that they actually exist in cyclic structuies 


CHOH 

I 

H, C OH 

\ O or 

HO C H I 

i i 

HO C H 

[ 

CH 2 -! 

1 IC P Monroe, J Am C I 9 T 9 » 1002 a Leyene and Jacobs, Bo , 1909, 43 , 147^ 

3 Bo , 1912, 45 , 376 * 


CHOIX 



/-Aribinose 


HO C H II C II 



HO H 
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*>f tin i tlu i type containing a. G-membercd ling (seep 299) /-Aiabmose 

ii lluittou. 11101 c coucclly fuimulatcd by eithei of the structures at 
llu bottom of Hit picvious page, in which, as bcfoie, a CHOH gioup of 
the tb xti o umfiguitilion is wiittcn with the OH to the right 


3 The Hoxoses and Gluoosides 


1 

2 

3 
1 

5 

6 


Cytht -S t> uctine of Monosacthand.es 

lit Mists ,tit compounds of sweet taste, which aie geneially difficult 
lo obtain in Ihi nystalline state They are veiy soluble m watei, 
spai mgly solublt 111 absolute alcohol, and insoluble in ethei The study 
ol this gi imp piovidt d an admit able opportunity of putting steieochemical 
thuny to an exacting Ust, from which it has emeiged unscathed 

1 In aldohoxoses, CIHOII CIIOH OHOII OIIOIICIIOH CH 0 , 
contain loin asyininctiic atoms, and accoiding to theoiy should exist in 
sixteen optically active isomeudcs, consisting of eight pans of enantio- 
moiphs In the table on p 301 will be found the configurational 
foumihe of fouilccn known aldohexoses, and two as yet undiscovered 
isomt 1 ides It is now geneially accepted that each of these stereo- 
isoim tides noimally exists in a cyclic fonn having an oxidic or inner 
elht'i sliiulnu Infomution on this point has been gathered chiefly 
ftom two sou ices, namely the study of glucosidcs and the reseaiches 
on imlhylaUd sugais which weie initiated many years ago by Purdie 
and developed with conspieuous success by It vine and Haworth 

A htxosc such as glucose combines with methyl alcohol in the 


pies once or liydiogen chloi ldc to foim a mixluie of two stereoisomeuc 
melhyl-glucosidcs 1 lhcse compounds do not icaci with phenyl- 
hytlia/ino and hence contain no fice aldehyde gioup Although 

I CII B OII = C 0 II u O 6 OCII 8 H up 

compaiativcly stable tovvaids alkalis, they arc readily liydiolysed by 
hot dilute acids It is Lvidenl thcicfoie that the aldehyde gioup is 
now united lo alcohol in the same manner as in the acetals (see p 169) 
Hut since only one molecule of alcohol cnteis into combination with a 
molecule of glucosi, with loss of one molecule of watei, it must be 
assumed that an alcoholic gioup of the sugar also takes part in the 

process, to fonn a cyclic anhydude. 
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It will be seen that the end cat bon atom (i) has now become 
asymmetnc and can thus exist in eithei the d- 01 /-configuiation 
There will theiefore be two steieoisomenc glucosides, which aic 
distinguished as the «- and / 3 -foims The actual hydioxyl gioup 
engaged m ring-foimation was extiemely difficult to identify with 
cet tainty, and until lecently it was assumed, by analogy with the 
lactones of y-hydtoxy acids, that the union was to the C-atom in 
position 4 A cyclic structuie of this kind is descubed as containing 
a butylene oxide 01 i 4 oxidic nng 1 Latei icseaich has shown 
that these compounds actually contain a 1 5" 01 amylene oxide link 

as illustrated in the above formulae 


The behavioui of glucose m undergoing mutaiotation led to the 
suggestion that the fiee sugai also occurred in cyclic forms coitc- 
sponding to the «- and /3-glucosides, and that mularolation was due to 
the partial conveision of one foim into the othci thiough an mtei- 
mcdiate open-chain glucose 
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Definite pi oof of the existence of a* and /3-glucoscs was fiist 
obtained by E F Armstrong 2 In common with other «- and 
/ 3 -glucosides, the methyl glucosides show chaiacteiistic diffciences in 
tlieu behaviour towaids ceilam liydiolytic enzymes Maltase rapidly 
hydiolyses a-methyl glucoside in aqueous solution to methyl alcohol 
and glucose, but has no influence on the jS-glucoside On the olhei 
hand, the latter is leadily hydrolysed by the enzyme emulsm , which 
however does not attack the a-compound By this means glucosides 
have been classified as a- and /3-glucosides, accoiding to their behaviotu 
towards these enzymes Armstrong demonstrated the existence of 
a similar isomerism in the free sugar by showing that two gluco&cs 
of different rotatory powers were formed when a- and /3 - methyl 
glucosides respectively were hydrolysed by enzymes The a-glucose 
liberated from the a-glucoside has a high rotation wheieas /3-glucose 
fiom the / 3 -glucoside has a veiy low value In a short time, or more 

1 This mner ether 01 lactone structure was first suggested by Tollens 3 JX F Armstrong! 
J C Si 1903, 8E, 1306 Lowry, / C S t 1904, 8V, 155* 
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lapidly on addition of ammonia, each of the newly libcialed foims 
changes into the same equilibrium mixlme of «- and /3-glucoses 
having a lotation of inteimediate value Hence the mutaiotation of 
glucose is due to lnliamolcculat change Subsequently it was found 
that by reciystalhsing oidinaiy glucose undci suitable conditions (p 303) 
it is possible to convert it into the puie a- and / 3 -glucoses, the lotations 
of which (pi 101 to mutaiotation) aic appended to the above foi mult 

In T914, Emil Fischei 1 discoveied a thud foim of methyl glucoside, 
which he described as a y-form m oidei to distinguish it fiom the 
pi eviously known a- and / 3 -vaiieties A yeai latet Iivme isolated 
a tetramethyl y-glucose 2 {ie a y-glucosc having foul OH gioups 
leplaced by OCH s ) which was cxliemcly leactivc, it combined veiy 
readily with alcohol and lescinbled the y-glucosidc m instantly 
decolorising alkaline peimanganate solution Iivme also showed 
that Fischei's y-glucoside was a mixtuie of two steieoisomcnc foims 
( cf a- and j8-mcthyl glucosidcs) but found that the conesponchng 
y-glucose was too labile to be isolated Owing to its unstable naluie 
the y-glucose giouping in these compounds was foimulated as possessing 
a diffeient type of ring structure to that ptesent in the a- and / 3 -glucoses 
and glucosidcs 

Recent lescatch by Ilawoith and his co-workets on methylated 
monosacchai ides and lactones of hydioxy acids (sec below) has 
established the fact that the oidinaiy pentoses and hexoves noimally 
exist m the 1 5- or amylene oude form and that the labile y-mgars 

possess a 1 4- 01 butylene oude ting These conclusions aie based 
upon the following lines of argument (1) a study of the ldationships 
existing between the lotalory powets of the vatious methylated and 
unmethylatecl sugais, (2) the conveision of the monosacchai ides into 
then completely methylated foi ms, followed by an investigation of the 
products given by the lattei on oxidation, and (3) a study of the lates 
with which the lactones of the senes are hydiolysed to foim the open- 
chain acids Haworth has shown that among the lactones of the 
caiboxyltc acicls, the 5-lactones as a class aie much moie lapidly 
hydrolysed in watei than the y-lacloncs 

As an example of Ilawortli's methods we may quote the case of glucose a The 
a and p metliylglucosidcs I (prepared fiom glucose) weio methylated to give the 
normal crystalline tetramethyl glucose II and this on mild oxidation was converted 
into the corresponding lactone IV, which from its late of hydrolysis was characterised 
as a 8 lactone hiving the oxygen bridge in the 1 5 position A similar amylene 

oxide structuie maybe assumed foi the original sugar Fuithei confii mation of the 
correctness of these deductions is obtained by the oxidation of the lactone IV to 
xylotrimethoxyglutanc acid V by means of concentrated mtne acid Similar 
methods have been applied to other aldoses and ketoses 

1 Ber, 1914, 4 * 7 , 1980 a Irvine, Fyfc and Hogg, J C S’, 191S1 IWi 5 a 4 11 F° r 
further details see Haworth, Ate Constitution of Sugars , also Clnrlton, Haworth and Pent, 
J C S , 1626 , 89 , Haworth, Hirst and Miller, litd , 102 * 7 , 2436 , Hirst, itt/i, 1026 , 350 
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Haworth suggests that the propei ties of the monosaccharides aie most satis 
factorily indicated by writing the formula} as in VI ox VII, in which they aie 
xepiesenled is being derived from the 6 membeied nng compound pyrnn (pyranose 
stiucture of sugars) Hits also illustrates the case with which the side chain 
(CH a OH) in glucose is oxidised to the carboxyl gioup, yielding glycuionic acid 
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In formulae such as VI, the usual convention holds as to the disposition of the 
CII OH groups, a d configuiation being written with H on the left-hand side When 
these conventional formula axe built up m model form, the necessity of bunging the 
bond joining C s to O into the same plane as the othei C atoms of the ring is found 
to cause an apparent displacement of the groups aiound C s (VII and VIII ) Hus 
change is leadily observed on converting the open chain aldehydic model into the 
ring structure 
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The ketohexoses of the stmcLuial formula CII a OH CHOH 
CHOH CHOH CO CH 2 OH, have only thiee asymmetiic caibon 
atoms, indicating the possible existence of eight optically active foi ms 
Hike the aldohexoses, the ketohexoses occur noimally in a I 5-° xl dIc 
form af-Fructose is the most impoitant membei of this gioup 

In addition to the geneial piopeities of the hexoses quoted on 
p 289, the following reactions aie of interest 

When hexoscs aie tieated in alcoholic solution with a little gaseous 
hydiochloiic acid, glucosides 01 etheis aie foimed (p 297) 

When heated with model ately concentiated hydi ochloi ic acid, 
hexoses yield laevuhnu, acid, (p 264) and in this lespect diffci fiom the 
pentoses By isolating the acid as its silvei salt, the leaction can be 
used as a test foi hexoses 

A test foi ketoses is the evanescent led coloiation foimed when 
they are heated with lesoicmol and 12^ per cent hydiochlonc acid 

An outstanding propeity of ceitam hexoses is then ability to 
undergo fermentation As has been shown by E Fischer, 1 this 
piopeity is intimately connected with the spatial configuiation of 
the sugar 

(a) Aldohexoses, CH,OH (CHOH)! CHO 

^-Glucose, grape sugar, dextrose, melts in the anhydrous state at 
146°, the hyebated form (iII g O) melting at 86° It is found togethei 
with fructose in grapes, figs, and other sweet fiuit, and also in honey 
In small quantities it occuis in ceitain animal pioducts, eg the unne of 
dtabetic patients Glucose and fiuctose aie the only hexoses which 
occur in the fiee state 

Glucose is also formed by the hydrolysis of the polysacchai ides, canc 
sugar, staich, and cellulose, and is piepaied mdustnally fiom staich by 
boiling it with dilute sulphunc acid 

The commeicial pioduct consists of moie 01 less puie glucose, it 
is Iaigely used in the manufactuie of sweets and in the wine industry 

A synthesis of d~glucose has been effected by E Fischer in the following 
manner 

Glyceiol, on oxidation and subsequent tieatment with alkalis, yields 
a~aciose, identical with dl fructose (see p 306) On 1 eduction with 
sodium amalgam this gives the coi responding alcohol i/Z-manmlol, 
which on oxidation is converted first into ^/-mannose, and then into 
n?/-mannomc acid By reciystalhsing the strychnine salts of this acid 
it may be resolved into its d- and /-foims When a?-mannomc acid is 
heated with pyndine it is partially tiansfoimed by epitnet isation 

1 Compare p 138 Lack of apace forbids any discussion of the inteiesting rcscaiches of 
Fischer m this connection For details, reference should be imde to Z physxot Ch * iSq8, 20, 60 t 
see also Armstrong, The Simple Caibohydiates and the Glucosides^ pp 170 177 (Longnnns, Green* 

1924) 
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(p 292) into the stcieoisomenc rtf-gluconic acid, the lactone of which on 
l eduction with ■sodium amalgam finally yields rtf-glucosc 

Accoiding to the conditions of ciystaHisation, glucose may be 
obtained anhvdtous 01 combined with one molecule of water Its 
aqueous solution is dextioiolaloiy and exhibits mutaiotation, a fleshly 
piepaied solution totaling the plane of polaiisation about twice as 
stiongly as one which has been kept foi some time ot heated fot a lew 
minutes to the boiling-point The final value is [a] n = +52 5 0 

a-Glutose ([«] D +ito°) may be piepaied by allowing glucose to 
crystallise at oidinaiy tempeialuies fiom acetic acid containing a little 
watei Crystallisation at highci tempeialuies fiom pure acetic acid 1 
yields j 8 - glucose ([a] n +17 5 °) Oidinaiy glucose is chiefly the a- 
compound 

Glucose undcigocs the geneial icactions of aldoses descnbed above 
On oxidation it fiist yields d~gIncome acid, CII g OH(CHOH) 1 COOII, 
and finally d -sacchanc acid, COOII(CIIOH)iCOOII On 1 eduction it 
is tiansfoimed into the licxahydiic alcohol, d -sotbitol, C 11 2 0 H(CHOH), 

CHjOH 

Ph e » yl~ d -glu cos a* one is of impoitancc in the conveision of rtf-glucose 
into rf-fructose (see p 290) It is spaungly soluble in watei, fiom which 
it crystallises in yellow needles, m p 204° to 205° 

It has aheady been mentioned that giape sugat is icadily feimented, 
the mam pioducts of the action being alcohol and caibon dioxide 

Under the influence of dilute alkalis it suffets a senes of changes 
and decompositions, which lead to the foimaliota of hydioxy acids, such 
as lactic acid On electiolytic oxidation at a lead anode it bleaks up 
into foimaldehyde and a pentose 2 

When tieated with ammonia m the foim of ummomacal ?mc 
hydioxide, glucose is conveiled, even at the ordmaiy lempeiatuie, into 
methyl-unmazolc (methyl glyoxahne) 

CH. C—Nil v 

ii„_ N > cn 

This leaction has some beat mg on the natiuc of the intermediate 
pi oducts foi med dm ing the ti ansfoi mation of gi ape sugai into lactic acid 8 
rf-Gluoosamine, ckitosmnme 4 CH a OH (CIIOH) 3 CHNII a CHO, 
is of special mtei cst, as it stands midway between glucose and the 
a-amino acids, and thus forms a link between the catbohydiates and 
the piotems It was first piepaied fiom lobstei shell by boiling the 
polysaccharide chitm contained theiein with hydiochlouc acid 4 

1 Hudson and Dale, / A C S t 191^ 39, 320 a W I Ob and Pul verm iclier, Biochem 
ZiUsch , i9o9 t 17 , 343 3 Windaus and ICnoop, Bet , 1905* 38, 1166 , 1906, 89 , 3S86 , igo7, 

40, 799 * The complex compound chitm appears to be closely related to N acetyl glucosamine 

T R Offer, Biochem Zwtsch , !9o7 t 117 K II Meyer, 7 e\t fth ting Chem , 1928, 41 , 

941 , Bet , 1928, 8X, 1936 
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Recently it has been found that glucosamine and othci hexosamines 
ate fotmed fiotn mucins, the constituents of animal mucus, and from 
other proteins by hydrolysis with acids The telalionship of gluco¬ 
samine to grape sugar is shown by its convcision into phenyl- 
glucosazone on tieatment with phenyl-hydia/ine 

d?-Glucosamme has been synthesised by Fischci and Leuchs 1 in 
the following manner d arabmose, by treatment with ammonia, was 
converted into ^-arabmosimme, which with hydiogen cyanide gave 
a?-glucosaminic acid, CH 2 OH (CHOII) 8 CH(NII g ) COOH The 

lactone of this acid was then reduced to ^-glucosamine by means of 
sodium amalgam 

d -Gtycmomc acid, HOOC (CHOH)* CIIO, is obtained by the 
reduction of saccharic acid, HOOC (CIIOH) 1 COOII It occuts m 
urine, either united with phenols in compounds of an elhet type 01 
with aiomatic caiboxy acids in the foim of esteis In this way the 
phenols lesultmg, for example, from intestinal puli efactton aie rendeied 
harmless to the body This protective function of glycuiomc acid is 
also exeited by sulphuric acid and glycocoll Glycuiomc acid does not 
ciystaUise, and m this lespect diffeis fiom its lactone, glycuione 

/Grlucoes is fonned in the same minner as ^glucose by reducing the Ketone 
of /gluconic acid SimiKrly ^//gluoose can be obtained fioni dl gluconic acid 
/-Glucose forms crystals of melting pomt 14 3 °, but dl glucose is a syittp 

d-M annose is produced by caieful oxidation of the hexahydnc 
alcohol manmtol, which is piesent in vauous plants, 01 by boiling 
the polysaccharide seminme, 2 occurung in the shell of the lvoiy nut, 
with dilute sulphuric acid Synthetically, it is obtained by 1 educing 
d- mannomc acid with sodium amalgam It is a white hygroscopic 
compound of lowei lotatoiy powei than ^-glucose, fioni which it 
differs* only in the relative anangement of the gioups attached to 
the caibon atom adjacent to the aldehyde gioup (sec p 301) From 
this it follows that rf-mannose and ^-glucose yield the same osazone 

Oxidation converts d?-mannose fiist into d- mannomc acid, 
CH 2 0 FI(CHOH) 4 COOH, and then into rf-manno-sacchaiic acid, 
COOH (CHOH) 4 COOH It can be feimented with yeast 

The conversion of rf-mannose into rf-glucose may be effected 
through the mtei mediate foimation of rf-mannonic acid 

l Mannose has been prepared from / arabinose by the cyanhydrin synthesis 
and is laevorotatory It unites with d mannose to give inactive mannoso, winch 
is also formed by oxidation of the dl mannitol obtained by reducing dl fiuctose 

^-Galaotose occurs m the ivy s It is formed togethei with 
d glucose by the hydiolysis of milk sugar, and also of gal(ictttol % 
C 0 IT 18 O v , a substance piesent m the yellow lupin It melts at 168°, is 
dextioiotatoiy, exhibits mutarotation and may be feimented On 

1 Bet , 1903, 86, 24 a P M Horton, J Indus md Eng Chan , 1921, 18, lofo 3 v 
Lippmann, Bet , 19x0, 4S, 3611 
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1 eduction it yields 1 -dulatol (p 246), and on oxidation gives first 
galeictouic acid, CII^OII (CI'IOII) t COOH, and then rnucic acid. 

cooii (choii)j cooii 


(b) Ketohexoses, CII„OII (CIIOI-I ) 8 CO CH 2 OH 

d{ — )Fructose, tut sugat, laevulose , m p 95°) ls found with rtf-glucose 
m honey and the juice of sweet fuuts The hydiolysis of cane sugar 
leads to the pioduction of cquimolcculai amounts of (/-fructose and 
r/-glucose On the other hand, niultn, a polysaccharide occurung m 
the loots of the dahlia, clncoiy and many Composites , yields (/-fructose 
alone Ftom the lattei souiccs it is picpaied mdustnally 
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I' 1 uclose yields the same osa/onc as glucose (compare the con- 
figmationdl foimuLe) and the touvet i/oti of glucose into fmetose by way 
of the osazonc has allcady been dcsciibed on p 291 In consequence 
of its spatial lclationslup to r/-glucosc, flint sugai is known as rtf-fiuctose, 
although it has a lacvoiolation of [«]„ = — 92 0 

Fiuctose is less soluble in watei than glucose, and is teadtly 
fcimcnted, when it gives the same pioducts as giapc sugar On 
1 eduction it is convened into a mixtuic of rtf-mannitol and «f-soibitol 
On oxidation it bleaks up into flf-ciytlnomc acid, CII 2 OH (CI-IOII) 2 
COOH, and glycolhc acid, CII 2 OII COOII 


Intel cottvef sum of <\-Glucose t d-/o uctose t and 6-Mannose 1 

As was fiisl shown by Lobiy de Bmyn, any one of the above thiee 
hexoses, undci the influence of hydioxyl ions (veiy dilute alkalis 01 
alkaline eaiths, sodium acetate, ammonia, etc), is conveited into a 
mixtute of all thiee sugais in equilibnum with one anothei, as 
indicated in the following scheme 

Glucose ^ Fructose «#= Mannose 

(/-Fiuctose appeals to be foimcd as an inteimediate in the above 
changes This is stiongly suppoitcd by the fact that mannose, of 
[a] D = H- 14 0 , yields with dilute alkalis a stiongly laevorotatoiy 

1 Lobiy Jo Bruyn and A van Fhenateln, Ber , 18931 28 , 3078 


U 
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mixtme (owing to the formation of fiuctose), the rotation subsequently 
swinging back towards zero as the propoilion of glucose mciea&cs 


l Fiuctose 
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l Sorboses 


is pi educed by the fermentation of lacemic fiuctose ft is the optical 
of the laevorotatoiy d fiuctose, and is theiefoie dextiorotatoiy 

dl Fructose, or a Aoiose, is tlie lesolvable inactive foi m produced 
synthetically fiom glycerose 01 formaldehyde, and has played 
a most unpoitant part in the synthesis of sugais 

/ Sorbose, sot fa nose , m p i 54 °> is a ketose obtained from the jmcc 
of mountain ash beiries These contain the alcohol sorbitol, 
which is converted mto soibose by the action of an oxidising 
organism, Bacterium xyhnum It is not feimcnlctl by yeast 


Glucosidos 1 

In close relationship to the monosaccliandes aie the glucosides, which aie found 
veiy widely distributed m the vegetable kingdom They miy be consideied as 
derivatives of the ether type formed by combination of a sugar (commonly glucose) 
with one or more other substances Well known lepiesentativcs of this class 
are cmiygdahn , a constituent of bitter almonds, and saltern , which w is used is a 
febrifuge by the older school of medicine Under the influence of cn?ymcs, or on 
being heated with dilute acids or alkalis, the/ glucosides bieak up mto a hexosc 
and the lemammg constituents 

Glucosides of the simplest type have been synthesised by E Fischci, 2 by 
bringing a sugai, eg glucose, mto reaction with an alcohol in the piesencc of 
hydrochloric acid 

O 0 +CH 3 OH ^ C a II u O D 0 CII 3 MI 2 0 

Another compound of similai stiucture, which lias recently come into use m 
the synthesis of glucosides and otliei sugax derivatives, is ace to htomo glucose^ 
piepaied from penta acetyl glucose by tieatment with hydrobromic acid 

CH 2 (OAc) CII [CH(OAc)] s CIIBr 

1_o_I 

As is shown by the inactivity of these compounds towaids plicnyl hydtfume, 
they no longer contain a free aldehyde group The lattei must theiefoic be united 
to the alcohol ni the same manner as m the acetals (see p 169) Foi the isomerism 

of a and j 3 glucosides and a means of distinguishing between these two forms by 
enzyme action, see p 297 etseg 

A detailed investigation of the simpler artificial glucosides led Fischei to the 
discovery that there was no fundamental diffeience between the glucosides and 
the polysaccharides The latter are glucosides of the monosaccharides themselves 

btnamarin, the gluooakle of acetone cyan hydrin, C 0 Il n O 6 O C(CII 5 ) 3 CN, 

was first ^isolated from the seeds and embryo of flax It fox ms colouiless needles, 

m P T 34 , possessing a fresh bitter taste On hydrolysis with dilute acids it 

decomposes mto glucose, hydrogen cyanide, and acetone It has also been 
prepare d sy 11 thetically 4 

4 HeptoseSj Octoses and Nonoses 

By means of the cyanhydnn synthesis described on p 29it is possible to 
conveit an afdohexose by successive stages mto the conespondmg lieptose, octose 
ana nonose Of these it need only be mentioned that the heptoses and octose c 
are not fermentable, whereas d tnanno nonose ferments with vcMSt 

E a E Armstrong, The Simple Cm hohydt ates and the Glucosides (Longmms,, Gicon 
1924) E r j-Lher, Ber , 1893, 30,2400, 1893, 28 , 1145, 1909, 42 , 1465 Comnnn 

JJti , 1920,68,440,2150, 1931,64,499, 1932,66,929 4 , 1919, 5 S f 854 
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II —DISAOOHARIDBS, 0 12 H a2 O n 

Unlike the highei polysacchandes, the di- and ti isacchandes still 
ictain the sweetness of taste chai actenstic of monosacchaudes 

Until 1 ecently the only disacchaiidcs known were deuved fiom 
the hcxoscs, C 0 II lg O a , and Iheiefoie possessed the foimula C lg H 22 O u 
On hydtolysis these take upwatci and aie decomposed into two hexose 
molecules, + — 2 C 0 II 12 O„ This change may be effected 

by boiling with dilute acids, 01 by the action of enzymes such as 
diastase, cmulsm and invcilasc All disacchandes yield glucose as 
one of the hydiolylic pioducts, the other may also be glucose (as 
in the case of maltose), fiuclose (fiom cane sugai), 01 galactose (from 
milk sugai) 

Disacchaiidcs have now been found in plants which give on 
hydiolysis I mol hexose and I mol pentose, eg victanose (Be) t)and) 
an aiabmosido glucose, and pnmverose , a xylosido-glucose Both of 
these disacchaiidcs have been synthesised by Ilelfench 1 

The ease with which disacchaiidcs arc hydtolysed suppoits the view 
that they ate ethcieal anhydndes of hexoscs, the link joining the two 
hexose molecules being supplied by the oxygen of an alcoholic, 
aldehydic 01 ketome gtoup If union occuis in such a way that the 
i educing gioup of one of the hexose constituents is left intact, then 
the disacchaiidcs so foimcd (eg , lactose and maltose) will still exhibit 
the leaclions of aldoses They will reduce Fehling’s solution and 
give osa/oncs with phenyl-hydia/inc On the other hand, cane sugai 
shows none of these inactions, and in it the icducing gtoups of both 

glucose and fiuctose appeal to be bound 

Synthetic methods have only met with success within the last few 
yeais, a numbei of the natuial disacchaudes having been synthesised 
by pioccsscs which have been based upon the constitutions deduced 
by analytical methods of investigation 

In dctei mining the constitution of di- and polysacchai ides the 
chief difficulty lies in deciding the exact position of the oxygen 
linkings taking pail in anhydnde foimalion, and the particular 
stctcoisomciic foim of the monosacchaudes piesent Some information 
on these points is affoi ded by a study of enzyme action 

In lcccnt yeais this pioblcm has been attacked systematically on 
lines developed by Bui die, Iivinc, Hawoith and otheis The method 
adopted involves, in the litsL instance, the piepaiation of a large numbei 
of paitially oi completely methylated aldoses and ketoses* The poly¬ 
sacchai idc undei investigation is then fully methylated 8 and submitted 

1 B Ilclferlch and co workcis, Ann , 1927, 456, l68 , 1928, 465, 166 8 Irvine and co 
Vorkors, / C S, 1913, 108 , 564, 575, 19161 100. I30J , 1922. 131 , 2696 ror t. dctniled 
description of the nietliods employed, sec l! Some Constitution'll Problems of sr o y rs e 
ClicmiBlry," Irvine,/ C A, 1922, 128 , 898 a l-or Hie use of methyl sulphate in this 

connection, see W N Haworth, J C , 191 5 > 107 , 
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to cateful liydiolysis or othei chemical change Fiom an examination 
of the simpler methylated derivatives so obtained it has in a numbci 
of cases been possible to deteimine the stiuctuie oE the patent 

compound 1 

Cane Sugar, Kuciose } saccharose^ mp 160 , occuis in the juice of 
the sugar cane, sugai beet, sugar maple, maize, and many othei plants 
The first two souices aie utilised m the prepatation of sugai on the 

laige scale 

Technical Preparation of Sugai fiom Beets —The beets aie sliced 
into thin sections by mechanical means, and the sugar is extracted 
by a diffusion process involving systematic tiealmcnt with water 2 
The watei is first admitted to a 11 diffuser” containing the almost 
completely extracted loots, and aftei lemaining thcie foi a few 
minutes is tiansferied to the next in the series, finally coming into 
contact with ftesh roots The completely extiacted loots aie expicssed 
and utilised as fodder, after being dned to keep them m good 
condition 

The subsequent piocesses for purifying the juice have as then aim 
the i emoval of the majoiity of othei oigamc substances picscnt, 
which would otherwise hindei the crystallisation of the sugai l^oi 
this puipose the extiact is tieated at a model ate lempcialure with 
milk of lime, by which means oxalic acid, ciltic acid, and phosphates 
aie precipitated, other acids are neutialised oi, like asparagine, dccom 
posed, and most of the piotem and colouiing mattci is tin own 
out of solution The necessity of using an excess of lime leads to 
the formation of insoluble calciqm suciate, this is decomposed by 
passing in carbon dioxide, when calcium is piecipitatcd as calcium 
carbonate Sulphur dioxide is fiequcntly used in place of cat bon 
dioxide, and yields an extract of bettei colour 

In order to avoid decomposition the evaporation of the purified 
extract is conducted in vacuum pans, and is continued until a concen¬ 
tration is teached at which ciystalhsation sets m Finally the masses 
of crystals aie bioken up and the mothei liquor icmoved by centti- 
fuging The moist crystals remaining in the ccntufuge constitute 
the raw sugar of commetce, and the daik blown fluid which is lun 
off is known as molasses 

Raw sugar is refined by bunging it into solution, tieating with 
milk of lime, and filteiing thiough “activated” chaicoal Aflci scveial 
repetitions of this piocess the liquid is concentiated m vacuum pans 
until crystallisation sets in The refined sugai so obtained contains 
999 pet cent sacchaiose 

1 Irvine, Steel and Shannon, J C S , 192a, 121, 1060, Hworth and Leitch, J C S , 1918, 
118 , 188 , 1919* 116 , 809 Methods nre also under investigation by which the sliced beets 
are dried and stored This allows the extraction process to be operated throughout the y ear, 
independently of the seasonal supply of raw mnternl 
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Recovery of Molasses —Molasses contains about 20 pel cent walei 
and 50 pei cent sugai The latlet, howcvci, is only m pait tecovei- 
able by fuithei conccntiation of the molasses, as it is held in solution 
by the piesence of impuiiLies It is theiefoic necessaiy to sepaiate the 
Sugai fiom the residual matlei by special ticatment, foi which purpose 
a large numbei of processes aie available 

, ( a ) The Osmotic Process consists in dialysing the molasses thiougli 

' paichment papci, when inoiganic salts aie the fiist to diffuse out of 
the mixture, followed by 01 game salts, salts and sugat, and finally 
sugar alone Albuminous substances which had pieviously lundcicd 
crystallisation, being colloidal 111 natute, aie unable to pass thiough the 
membrane The diffused liquid is woiked up foi sugar by evapoialion 
in vacuo, and the albuminous lesidue, which still contains a ceitain 
amount of sugai, is used as a fu tdisci 

( b ) Scpaiation by means of strontium 01 calcium nictates This 
piocess depends on the piopcity which sugar possesses of giving 
insoluble 01 sparingly soluble suciates with lime 01 sliontium 
hydioxide, eg trualcium sucrate , C 1B II 22 O u , 3CaO, distroutturn situate, 
C 10 H aa O u , 2S1O When the diluted molasses is ticatcd with eithei of 
the above hydi oxides a piccipitale of the conespondtng suciate is 
thrown out of solution Inoiganic and oiganic lmpuulics in the 
molasses lemam dissolved and aie lcmovcd in a filtei pi css After 
washing the suciates with a little watei 01 aqueous alcohol they aie 
decomposed with caibon dioxide, and the sugai solution so obtained 
is evapoiated as befoic in vacuum pans 

Proper ties of Cane Sriqar ■ —Cane sugat ciyslalliscs in clcai monochmc 
pusms, which aie veiy spaungly soluble in alcohol, but dissolve easily 
in watei to give a solution lotating the plane of polai isation to the 
light Cane sugai melts at 160 0 and on cooling solidifies to a vitieous 
mass ( barley sugar), which giadually icveits to the ciystalline state 
On stiongei heating it foi ms a brown product known as caramel, a 
mixluie of decomposition pioducls of sugai used foi tinting Itqucuis 
and confecttonciy As has alicady been mentioned above, it foi ms 
suciates with bases When waimod with dilute acids it is lapidly 
hydrolysed to a tnixLuie of glucose and fiuclose Glucose lesembles 
cane sugai in being a dextioiotaloiy compound, but fiuctosc is so 
stiongly laevoiotatoiy that the equimolccular mixtuic of glucose and 
fiuctose obtained by hydiolysis lotatcs the plane of polai isation to the 
left Foi this 1 cason the above piocess is known as the inversion of 
cane w,gfl?,and the mixluie of rf-glucosc and af-fiuctose so obtained 
as invert sugar lhc lattci usually foi ms a sytup, which is sweetei 
than cane sugai and is used as a substitute foi honey, foi lmpioving 
wine musts, and in the piepai ation of champagne, liqueuis and fruit 
preset ves 

Cane sugai no longci gives the icactions of the monosaccharides, 

U 2 
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eg it forms no osazone and does not reduce Fehhng’s solution On 
heating with acetic anhyditde it yields an octa acetyl deuvalive 
Wot king from these data E Fischer suggested the following foimula 
foi cane sugar 


O 


O 


CII 2 0H CHOH CH (CHOH) 2 CH—0~C (GHOUL CII CILjOII 


Glucose residue 


cn 2 on 

1 < ruclobe residue 


Recent work on the oxidation of octamethyl-sueiosc and its 
hydrolysis products, 1 howevet, points to the glucose testdtie possessing 
an amylene oxide stiuctuie m place of the butylene oxide sliucluie 
given above, leading to the foimula 

I o | r o 

CH 2 OI-I CII (CHOH)„ CH—O—C (CIIOII) 2 CII CII 2 OH 

CHjjOII 

Glucos-e le-siciue Fructose residue 

It may be noted that the fructose lesidue in this case possesses the 
labile r 4- and not the normal I g-oxidtc ung, and that the aldehydic 
and ketonic gioups of glucose and fiuctose have both been masked 
by anhydude foimation 

The above formula foi cane sugai has been confitmed by the 
synthesis of A Pictet and Vogel 8 Among the acetylation pioduclsof 
fiuctose these authots found a veiy small pioportion of a liquid dexlio- 
rotatoiy tetia-acetyl fiuctose This was sepmated fiom the noimal 
crystalline laevoiotatory vauety, which is the main pioduct of the 
leaclion and condensed with normal tetra-acelyl glucose in chloiofoi in 
solution in the presence of phosphoric anhydride The lesulling octa- 
acetyl suciose gave suciose itself after lemoval of the acetyl lesidues 

Millc Sugar 1 , lactose^ lactobiose, is found almost exclusively in the milk 
of mammals It is prepared industrially fiom whey, obtained as a 
by-pioduct in the manufacture of cheese fiom milk Tire whey is 
evaporated in vacuum pans until ciystalhsation sets in, and the crude 
milk sugai so obtained is purified by i ecrystalhsation fi om walei with 
the addition of animal charcoal 

It foi ms hard rhombic ciystals containing one molecule of watei, 
which become anhydrous at 140° and then melt with decomposition 
at 205° It is dextiorotatory and undergoes mutaiotation On 
hydtolysis it decomposes into rf-galactose and ^-glucose Lactose 
forms an osazone and reduces Fehling’s solution The caibonyl gioup 
present m the molecule is that coirespondmg to ^-glucose, since 
lactose, on oxidation with bromine watei, yields lactobionic acid, 

1 Avery, Haworth and Hirst, y C S, 1027 ,2308, Hawoith, Hirst and Nicholson, tbtd ,15131 
Haworth, Hirst and Learner, tbul , a 132 a Helv Chun Acta, 1928,11, (.36 
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which on hydiolysis biealcs up into //-galactose and //-gluconic acid 
These facts, togethei with the tesulls of a lecent examination of the 
behaviom of the completely methylated sugai on hydiolysis, 1 point 
to the following foimula foi lactose 

i- 0 -1 i— °-1 

choh (cnoii), cit cii cnpii cn (ciioii) 8 CII cii 2 oh 

-o-1 

Glucose residue Gahctobe residue 

Lactose is not as sweet as cane sugai It is used in medicine, in 
the silvenng of nimois, and is fiequcntly added to milk intended foi 
infant consumption It is not easily feimenled with yeast but leadily 
undeigoes lactic acid feimentation Alcoholic fermentation may also 
be induced by means of kefii giams Koumiss is a Russian bcveiagc 
made in a similai way by fei meriting mai e’s milk 

Malt Sugar, maltose , mallobiose, is pioduced, as alieady mentioned 
on p 137, by the action of diastase on staich, and is an lmpoitant 
mtci mediate pioduct in the piepaiation of alcohol and alcoholic liquois 

In the technical picpaiation of maltose staich is mixed to a paste 
with a sufficient quantity of vvatet and the addition of i to 3 pet cent 
of gieen malt (see p 137), the tempeiatiue of the fluid being kept below 
70° It is then cooled to 55°, a fuilhei 4 to 7 pei cent of gieen malt 
added and the mixtuie maintained at this tempeiatiue till all the staich 
is decomposed 1 he solution of malt sugai is boiled m 01 del to coagulate 
dissolved piotein, and insoluble mattei is fillcied off to be used as cattle 
food I he concenliated liquid may be used to piepaic ciystallme 
maltose, oi may be placed on the mailed as malt syi up 01 malt extract 

Maltose ciystallises fiom watei in small needles (1 mol II 2 0 ), 
which melt at ioo° when lapully heated It is sliongly clcxbo- 
rotatoiy, and on hydiolysis with dilute acids yields //-glucose alone 
It gives the same 1 factions as the monosacchaiides, 1 educing Folding's 
solution and foiming an osa/onc In these lespects maltose lesembles 
lactose It can be oxidised to malto-bionic .icid, which contains the 
same numbci of caibon atoms and is monobasic The lattci on 
hydrolysis yields //-gluconic acid Hence it may be concluded that 
maltose is composed of two molecules of glucose united in such a way 
that the aldehyde gioup of the one 1 cumins intact, while that of the 
othei has enleted into anhydiide foimation® It is lepiesented as a 
glucose a-glucosidc of the following foimula 

r__ o— j 1 o— 1 

CHjOit cii cii (citoii) 2 ciioii cn (ciioii) b cii cn 3 oii 

I-o- ' 

a 

1 Haworth, I oach ind long, / L 6 , 1027 , 3150 a For the slructiuo of maltose, see 
Haworth and Pent,y C S , 1020, 309 { 



312 


HIGHER POLYSACCHARIDES 


Maltose has been synthesised 1 by heating a mixtuie of a- and ft- 
glucoses in a vacuum at i6o° 

Ti Isacoharidea* C lft H 32 O ia 

Few examples of this gioup of polysacchaudes have been chscovcied, Iho best 
known representative being laftinose, melt toss or mehtnosL , which fonns the chief 
constituent of Australian manna It also occurs in beetioot, and is consequently 
found in beet molasses Raffinose ciystalhses m fine needles with five molecule 
of watu of crystallisation, which aie chiven off at I20 q On hydiolysis it take 4 
up two molecules of water* yielding an equimoleculai mixtuie of d fructose, 
d glucose, and galactose Riflfmose shows none of the reactions of live 
monos a cchai ides, and we must thcrefoic assume that it is built up from tin 
above three sugars in such a manner that all three carbonyl giottps aie modified 
by intramolecular linkage 



HIGHER. 


(O 8 H 10 O 6 )„ 


As has alieady been stated on p 287, the foimula of thest 
compounds is usually expressed as (C 0 H 10 O e ) w It was shown by 
Kalian 1 * that this is not a coirect lepresentation of then composition 
Piopeily speaking, the foimula is (C 0 H 10 O c ) n , II a O 01 C 0tt I-I (10tHa) 0 8tt , 1( 

in which n is unknown, although ceilainly not small The majonty 
of the polysacchaudes aie amorphous, tasteless compounds, some ol 
which are insoluble m watei When hydiolysed by boiling with dilute 
acids, oi by tieatment with enzymes, they aie all conveilcd into 
monosaccharides, which may be either hexoses 01 pentoses *1 he 
polysacchaudes aie thetefoie considered to be built up fiom hexos(**t 
and pentoses by means of oxygen linkings, m the same mannei as tin 
di- and tusacchandes The presence of hydioxy] gioups is shown with 
certainty by then piopeity of foiming acetyl detivatives and nitnc esU*i 

Polysaccharides are found widely distnbuted in the plant ami 
animal kingdoms But wheieas in the animal oiganism only two 
polysaccharides, glycogen and cellulose , a have so fai been discovcKtl, 
the niunbci occuuing 111 the plant woiId is very great In the latti 1 
they function not only as a stoiehouse of carbohydiate food, but also 
form the chief constituents of cell membiane and suppoitmg lissm , 
m the animal organism these paits are composed mainly of pi olein** 
Polysacchaudes of animal oiigm aie built up of glucose alone, U10M* 
fiom vegetable souices yield in addition other monosacchaudos on 
hydiolysis 

St atoll, amyluviy occuis veiy widely distributed in the vegclabh 
kingdom Among the raw products used indusliially m the prepaiution 
of starch may be mentioned the giain or fruit of wheat, maize, ucc ami 
hoisc-chesinut, the tubers of the potato and the pith of the sago palm 

1 Pictet and Vogel, Ci , 192 ^, 184 , 1512 9 Kiliam, Ch Zitl , 1908, 8S, j66 3 I unit 

an l( animal cellulose,” occurs in the mantle or leathery skm of the tumcata, found in shallo s 
sea water 
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In these the staich is stoied as gianules, which vary in foim and size 
accoiding to the nalmc of the plant Undei the micioscope the grains 
may be seen to consist of an innci nucleus, around which are deposited 
conccntnc laycis 

Staich is a white hygioscopic powdei, possessing neithei taste nor 
smell It consists of two veiy similai polysacchaiides, the tiue staich 
or amylase, piescnt in the intenoi of the staich cells, and amylopecttn , 
contained in the cell walls Staich is insoluble in cold watei, but in 
hot watei a paste is foimed which rotates the plane of polansation to 
the tight The foimation of the paste is associated with the presence 
of amylopcctin, which contains in addition to caibohydiate a small 
pi open Lion of combined phosphouc acid The amount of the lattei 
vanes with the souicc of the staich A pecuhanty of staich is the blue 
coloui it yields with iodine in the piescncc of a little potassium iodide 
oi hydi iodic acid I his is a vciy sensitive test The coloui appears 
to be due to the adsoiption of iodine on the suiface of the staich, 
and not to the foimation of a definite compound When boiled 
with dilute acid, staich is fiist tiansfoimed into a soluble gummy 
mixtuie of pioducts known as dexinn , and finally into d glucose 
Undei suitable conditions the convcision is quantitative Staich also 
hydiolyscs undet the influence of culain cn/ymcs, known as diastases 
oi amylases (see p 137), giving in this case a neatly quantitative yield 
of maltose This icaction is of gieat impoilancc in the mdustnal 
picpaiation of alcohol Dcxlim is manufactuicd by heating staich 
alone, 01 in the piescncc of a little mine acid, to iio°, and is used 
as a mucilage undei the name of “Bntish gum" Conccntialcd nitric 
acid dissolves staich with the foimation of mine csteis 

'I he staich molecule contains no ficc caibonyl gioup, since it yields 
no compound with phcnyl-hydia/inc and docs not 1 educe Folding's 

solution 

fcckmuil Pnfatahon of Stiuch —l he following dcscnption gives details of 
the mmufactuie of staich fiom potatoes From othei souiccs It ts obtained in 
1 snmhi m innci lho st.uch gianules ate enclosed comp iratively loosely in 
the cells of the potato, and the piocess of manufactuie consists 111 rupUunig the 
cell walls and washing the staich giains fice fiom cellulose Aftci being tieated 
in a washing machine, the potatoes arc disintegialed, yielding a paste consisting 
of staich gianules, finely divided fibious tissue, and in aqueous solution containing 
the juices of the potato this limtinc is washed with watei m a sifting machine 
Ihe pulp leimmmg on the sieves is used as foddei, and the suspension of fibious 
mnttei and staich gr mules winch passes through is allowed to stand foi a time, 
when the specifically hcavici staich sepaiates out A little fibrous mallei is a so 
canted down by the last laycis deposited The staich pulp so obtained is caiefully 
washed, cent!ifugcd, and slowly dried, when it is icady foi the tnaiket It sti 

contains about 16 to 18 per cent watei 

As has alieady been emphasised, starch is one of the most valuable constituents 
of food, and also forms the basis of the biewmg mdustiy and the manufacture 
of dextun It is employed in laundry work as a stiffening and for giving a finish 



814 


HIGHER POLYSACCHARIDES 


to textiles, is an adhesive (starch paste), as a thickening agent for colours in calico 
punting, md foi sizing p^per 

Liolienin, hchm staich , occurs m many lichens, eg Iceland moss On liydtolysis 
with acids it yields d glucose 

Glycogen, animal staioh 01 live) starch occuis in the animal oigimsm, wlieie, 
like starch in the vegetable kingdom, it functions as a caibohydiate lescivc It 
can be isolated fiom livei as a white amoiphous powdei, but is ilso piescnl m 
muscular tissue and in other paits of the oigamsm Dm mg musculai effort the 
glycogen content of the muscle diminishes, owing to its convcision into 1 ictic acid 
This change occuis through the mteimediate foimalion of lactacidoqtn, a sugar 
containing combined phosphoric acid On hydiolysis with acids 01 feiments it 
finally yields d glucose Glycogen difleis fiom staicli in dissolving to in op descent 
solution in cold watei, and in giving with iodine a icddish biown colotation It is 
veiy stable towards hot alkalis, and is precipitated with ilcohol Accoidmg to 
Kairer, 1 glycogen is a polymensed diamylose (sec below) of a diffcient dcgicc of 
polymerisation to staich 

Pootins are veiy complex gelatinising compounds which aie found widely 
distnbutcd in nature, especially in fiuit juices They aie closely ielated to the 
carbohydrates 

Constitution of Starch? Glycogen and Lichemn —Fiom its bchaviom 
tovvaids amylases staich is believed to be built up quantitatively fiom 
maltose lesiducs But ptoof of a constitutional diffeiencc between the 
two components of staich (p 313) is furnished by ticatmcnl with cold 
concentrated hydiochlouc acid In this way Pungsheim isolated two 
teduemg sugais a disacchande of the composition C^UggO^, dciivcd 
fiom amylose, and a tusacchande C ia H i2 O 10 , denvcd fiom amylopeclm 

A fuithei distinction between the intcnoi and the cell walls of 
staich is shown by then decomposition in the picsencc of amylases 
Wheieas the amylose teadily bleaks down quantitatively into maltose, 
the hydiolysis of the amylopeclm is anesled at 6$ pet cent maltose 
foimation, leaving a tusacchande tnhexosan 

Pimgsheim has shown that the two constituents of staich also exist 
independently in natuie The inteiioi substance of the staich coll 
occuis as lichemn (associated with moss cellulose in Iceland moss) 
and the material of the cell wall is found in both the animal and 
vegetable kingdom as glycogen 

Glycogen, foi example, is quantitatively tiansfoimcd into glucose 
on acid hydiolysis, with diastatic ferments it foi ms maltose Glycogen 
is also conveited into tnhexosan by piolongcd heating with glycciol 
at 200° to 2io° With cold hydiochlouc acid it yields the same 
tiisacchaitde as may be obtained fiom amylopeclm Ltchcnin on the 
other hand, by similar methods may be converted into dihexosan and 
the above disacchande 

1 Kirrer 'ind HofFmami, Hdv Chan Ada , 1921, 4 , 363 9 P Kt-itci", Polyimie 
Kohlenhy dr a te , Leipzig, 1926 Haworth and Lcitch,^ C 1918, 118 , 188, 1919, 116 , 809, 
Irune and MacDonald,/ C S t 1926, 183 , 1502 II Pnngsbeim, Btr , 1924,6% 1581 , 1926, 
5 &, 3008 J Leibow its atid P Mechhnski, B&t , 1926, 69 , 2738 M Bcrgmann, 13 it , 1926* 
6 &, 2974 IC H Meyer, H Hopft and H Mark, Bet , 1929, 62 , 1103 
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When Bacillus maceyans is allowed to glow m a solution of staich, 
the lattei is dismptcd to a mixtuie of pioducts of untei mediate 
complexity tcimcd polyamyloses (Schauhngci, Pnngsheim) Thiee of 
these have been isolated m the ciystallme state, vi/ a-tetia-amylose 
(C 12 II20^10)21 / 3 -hexa amylosc (C 12 II 20 O 10 ) 3 and an a-hexa- 01 a-octa- 
amylose (C l2 II 20 O 10 ) i, of unknown moleculai weight Fiom then 
empmcal foimula. and the fact that all Ihtec aie tiansfoimed by acetyl 
bionudc quantitatively into maltose 01 aceto-biomomaltose, 1 these com¬ 
pounds aie icgaided as polymeis of an anhydio-maltose, C 12 TI 20 O l0 
Moie icccntly, by use of acetyl chlondc, a tetia-amylose has been 
converted into the acetyl dciivativc of a diamylose (a simple anhydtide 
of maltose) and so into diamylose itself, C 12 II 20 O 10 

Ihe actual unit fiom which staieh is built up still icmatns unceitain 
Kailci has suggested that it may be a polymenc foim of diamylose, 
othei aulhois considci the molecule to be built up by otdinaiy chemical 
union fiom an anhydio sngai Ilawoith 2 has advanced the view that 
the staieh molecule is composed solely of glucose units joined togcthei 
by a glucosidtc linkings, as lllusliated in the following diagiam 


ciijOti GtLOii 



Cellulose, 8 possibly of the foimula (C fl II 10 O fl ) ai , is the most complex 
polysacchaiide known, and founs the chief constituent of the cell walls 
of all plants IL is theiefoie obtainable 111 quantity fiom many natuial 
pioducts, among which the following lank highest in mduslnal unpott- 
ance wood, the chief constilueiit of which is cellulose, cotton-wool, 1 
distinguished by its fineness and coinpaiative puiity, also flax, hemp, 
nettles and othei substances Cellulose possesses an oigamsed tubulai 
structuic, which shows distinct minoi diffcicnccs accoiding to the source 
of the matcnal 

In 01 dei to obtain puie cellulose, the collulai tissue of plants, 
picfeiably cotton - wool, is tieatcd in succession with dilute alkali, 
dilute acid, walci, alcohol and ethci Undci these conditions 

impunlies and inciustations aie lcmoved, and the cellulose, which is 
veiy stable towaids dilute acids and alkalis, is obtained as a white 
ainoi plious mass Textiles such as cotton and linen consist almost 

1 Kirrei, Htlv Unm Ar/<i, 1921, 4 , 169,679 ° Constitution of Sugars, p 83 * See 

h'tseatcfies on Ceiiulose^ 1910 192 ij Cross utui Doi6o (LonKnmns^ 1 Cotton wool contains in 
addition to cellulose about or J- of Its weight of some other mUcrini Careful investigation 
lias shown that even the purest and best specimens of cotton-wool do not contain more than 
87 per cent cellulose 
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entirely of cellulose* find the finest Swedish filtei papet is an almost 
chemically pute form 

Cellulose is insoluble in the usual solvents* including acids and 
alkalis, but dissolves in SchwetzePs wagent made by dissolving copper 
hydroxide m ammonia From this solution cellulose may be pie- 
cipitated as a jelly by addition of acids* salts* etc * and on washing with 
alcohol is then obtained as a white amorphous powdci A similar 
solvent power is possessed by a solution of copper carbonate m 
ammonia, and by zinc chloude dissolved in hydrochloric acid 

By suitable treatment with acids, cellulose may be transfoimed 
into a hydrated cellulose or hyd) ocellulose This is much moie 
reactive than the original substance, and is theiefoie frequently used 
m place of the latter in technical piocesses leqiming cellulose as 

raw material 

With strong sulphunc acid cellulose swells up and passes gradually 
into solution* fiom which the addition of water piccipitates a substance 
amyloid , lesembling starch On pi obliged UeaUncnl with stiong 
sulphunc acid, followed by boiling with dilute acid* cellulose undcigoes 
complete hydrolysis, yielding fust dextun, and eventually, accoiding 
to the natuie of the cellulose employed, eithci rf-glucose alone 01 a 
mixtuie of monosaccharides Under ceitani conditions the hydioxyl 
gioups of cellulose interact with acids with the pioduction of estets, 
among which those of nitnc acid aic of outstanding impoitance 
Acetyl derivatives 1 of cellulose are obtained by the action of glacial 
acetic acid and acetLc anhydride, and cellulose ace to** sulphates'* by use 
of a mixtuie of glacial acetic acid, acetic anhydnde and sulphunc acid 
In these, as in many othei cases, mixtuies of pioducls aie foimed 
showing a progiessive maease in the number of substituents entering 
into the cellulose molecule The change in composition is accompanied 
by a coiresponding alteration m the physical piopeities of the mixtuie 
The cential position m the series is occupied by a substance known as 
“noimal aceto-sulphate,” analytical results of which aic best represented 
by the formula 

If well-dried cellulose is biought into an atmosphcie containing a 
small pioportion of sulphui trioxide, the lattei enlets into combination 
in such a manner that thiee SO B molecules aie taken up for each 
C 0 H 10 O 6 -gi°up The acid irtsulphate of cellulose so foimed gives well- 
characteused crystals, which aie stable in an and may be obtained 
analytically pure 8 

[c*h 10 o 6 ] + 3 so 8 - [c 0 n a<&o 8 ii) 8 ] 

3 Cross, Bev'ui and Traquair, Ch Zett , 1905, 29 , J 37 2 Cross, Bevnn and Briggs, Bet , 

1905, S8, 3859, 3531 3 "W Tnube, Blaser and Grunert l Bet , 1928, 31 , 754 
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HYDROLYSIS OP CELLULOSE 1 

Many attempts have lcccnlly been made to obtain some knowledge 
ot the constitution of cellulose by the use of hydiolytic methods In 
geneial, the degiadalion of a complex polysacchande may be said to 
be the lcsult of two simultaneous piocesses depolymei isation to the 
fundamental units of the polysacchande molecule, and disiuplion of 
these units to i educing sugats 

In addition to biochemical methods and decomposition undci the 
influence of heal, the following methods have been used fot btcalang 
down cellulose into its component pails hydiolysis wiLh conccn- 
tiated sulphuuc 01 hydiochlonc acid (see below), decomposition 
with acetic anhydildc 2 ( acctolyus ), and decomposition with halogen 
acids in the picsencc of an indiffcicnl solvent as diluent" Undei 
these conditions the cellulose is disiuptcd into glucose and ccllobtosc 
(or an lsomei, cclloisobiosc) Fenton and Gosthng’s method, using diy 
halogen acids in clheical solution, finally yields futanc dciivativcs 
Dextims aic .ilso impoitant disiuption pioducts of cellulose As yet 
they can scaiccly be defined, but they obviously lepicsent lntcimediatc 
stages between the cellulose molecule and the simple sugais 

The constitution of ccllobiose (cellose) has been tecently examined 
by Ilawoitb, 1 by the method of complete methylation luom an 
examination of the disiuption pioducts of the ocla-mclhyl dcuvativc lL 
is concluded that ccllobiose is a glucosc-/?-glucosidc of the stiucluie 
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Hydi olysvt of Ctlh(lose by Conecuh nit'd Acids —Cotton cellulose is 
only slowly attacked by 01 dmaiy concentrated 01 fuming hydiochlonc 
acid, but it has been shown by Willstlittci 0 that an acid satin a ted at 
o°, and containing 40 to 41 pei cent IIC 1 , bungs about lapid solution 
At first the tnajouty of the dissolved piocluct was found to be 
recovetable on dilution, but in couise of time it was hydiolysed to 
glucose, as shown by an examination of the opLical activity anti 
reducing povvei of the solution It was estimated on these gioimds 
that an appioximately thcoicLical yield of glucose was pioduccd 
Moie conclusive lesults have been obtained by Iivino and Soulai 0 

1 I*or the \-i ly mvcslig ition of cellulose sec Colloid Symposium Monogiuph, Now York, 1926, 

174 i>pouslei,/ Gtn Physiol , 1D2Q, 0, O77 Also IC II ftlejoi and M-irlt, llt> , 1938, 61, 593 

IC II Mcyei, yet! ring C/tem , 1938, <11, 935, btiuidmgei, ihd, 1929, 42 , 37, G7 J Iivine, 

yCS, 1920, 111 , 1196 Osl, Ann , [913, 808 , 333 1 I 1 onion md Gosthng, f C 9 , 1901, 

* 70 , 361, 807 4 Ilaworth, long mid Plant, ft 9, 1027, 2809 » R Willsmier and 

L Zechmostoi, Ue> , 1913, <10, 2401 , also Osl, ibid , 2995 « Iivmo and Sout-ir, f C 6 , 

ig2o t 1 ^89 
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by the use of acetic anhydride and sulphuric acid, and by Monici- 
Wilhams 1 using concentrated sulphunc acid alone In the foimei case 
a yield of crystalline glucose denvatives was obtained cot lcspondmg 
to 85 pei cent of the theoiy, and in the lattci case ovei go pu cent 
of crystalline glucose was isolated, affoichng stiong evidence that the 
cotton cellulose molecule is entuely built up of condensed glucose 
molecules 

Towards dilute alkalis, which leadily dissolve and decompose 
animal tissue, cellulose is extiemely stable A stiong solution of 
caustic alkali, on the othei hand, ptoduces a cuuous thickening and 
gelatinisation of the walls of the fibie, causing the cellulose to shtink 
and become tianslucent This ieaction is used foi pioducing cnnklcd 
surfaces on cotton fabrics, the process being known as tneiccuswp, afLei 
its discoverer 2 Alkali celluloses, pioduccd in the above mannci by 
the action of concentiated alkalis, combine with caibon bisulphide to 
form a mixtuie of cellulose xanthates known as viaoose u Ihesc aie 
sodium salts of the general foimula RO CS SNa, which swell up with 
water to a mailced degiee, giving a colloidal solution which has become 
of gieat impoitance in the manufactmc of aiLficial silk lhc solution 
is stable in the cold and in the absence of oxygen, but in ail it is 
gradually decomposed with legeneralion of cellulose It is also 
employed for the impregnation of papet and fabnes, and in calico 
printing The action of oxidising agents on cellulose leads to the 
formation of pioducts geneially known as oxycelluloses 

As alieady indicated, cellulose is used mdustually in a vancty of 

ways, eg m the prepaiation of oxalic acid (p 266), papei, paiclunent 

paper, collodion, gun-cotton, smokeless powdei, celluloid and aitificial 
silk 

The following is a shoit description of tlio chemical piocesscs nivolvul in ilu* 
manufacture of papei A prelumnaiy lieatmcnl is given with the object of 
effecting a clean sepatalion of the wood cellulose from tho en< rusting lignin,, 
xylm and othei complex substmees which cement the cells togclhei into >1 
ngid mass Two piocesses aie in use foi tho manufactuic of p ipci fiom wood, 
straw, esparto grass,^ctc {a) The caustic soda process, 111 which tin finely divided 
wood is boiled (160 to 170) in non vessels with dilute caustic soda foi sovcml 
houis under a pressure of 6 to 8 atmosplicies Under this lieatmcnl leitun 
compounds known collectively under the name of lignin 1 nro icmovcd the 
cellulose is then washed with water and is leady foi woikmg up Cellulose which 
has been purified with caustic soda forms soft thicads of sm ill insisting capanty 
A hardei and more valuable pioduct is given by (£) the sulphite piocess, 111 which the, 

Monier Williams,y C >S', 1921,110, 803 a In i8|,j John Meteorobseivcd tlni cellulose 
which had been treated at the ordinary temperature with caustic Bodtr showed, uflei washing and 
drying, an increased tenacity and power of taking up certain dyc3 I itei it was found that cotton 
so treated acquired a higher lustre, and hence mcrcerisation bee une an industrial inotesa 

ross, evan and Beadle, Bn , 1893, 26 , 1090, 1901, 84 , 1513 * lhc presence of lignin 

in cellulose or papei is easily recognised by the development of i icd coloui on testing with n 

solution of phloroglucinol m hydrochloric acid For furthei information conceimng ligmn, see 
E Hagglund, C, 1919. HI, 186 h b 
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wood is heited undei mcicased pi cssuk. with i solution of calcium 01 magnesium 
bisulphite These icagcnts also dissolve the enveloping lignin, but hive little 
action on the cellulose Abie 

In the pieuelation of paiolnnent papei, unsued pipei (filler papei) is 
immersed foi a few seconds in concent! ited sulphntic acid which his been 
diluted'with half its volume of watei It is then wished with walei ind fin illy 
with ammonia A liyci of amyloid is foimed on the suiface of the papei, 
lendeung it like puchment m appenance, md compaiatively impeiineable 
to water 

Cellulose NUnites, o> Niti ocellulosa 

A mixtuie of mtuc and sulpluuic acids internets with cotton-wool 
to foim mtuc cstcis of cellulose, mconcclly but veiy gencially known 
as nitrocelluloscs These still tetain the stiuctme of cotton-wool, 
although somewhat coaiset and hatdei to the touch By modifying 
the concentiation of acid used and the length of ticatment, it is 
possible within limits to vaiy the numkci of mine acid gioups 
entenng into the cellulose molecule The estci with the lowest 
piopoition of mliogen has the composition of a dnntialc of cellulose, 
C 12 II 18 0 8 ( 0 N 0 ,) 2 , while that containing the highest piopoition appioxi- 
mates closely to a hexamliatc, 1 Ihe pioduct obtained, 

howevei, is always a mixtuie, and a giadual alteialion of the 
conditions of mtiation ncvei leads to any sudden change in the 
piopoition of mliogen No shaip distinction can thcicfoic be diawn 
between di-, tu- and tctiamtiocelluloscs, and so on An impotlani 
factoi is the walei content of the mtiatmg acids, if this is incieased, 
the mliogen content ol the pioduct decicases icgulaily, although not 
piopoilionally, within the above limits lhobably the mtiation of 
cellulose leads to the foimation of a mixtuie of compounds in which 
a progi essivcly inci easing numbet of complexes have tnteicd into 
leaction In addition to estetlfying the cellulose, mtuc acid also bungs 
about hydtation, leading to the foimation of hydioccllulose mliates 

Lowei mtiocelluloses containing fioni two to foui mtio gioups 
burn veiy much moic ficely than cellulose itself, but aic in no sense 
explosive Ihcy aic gtouped togethei undei the name of pyroxylin, 
and dissolve teadily in a mixtuie of alcohol and clhci, such a solution 
being sold as collodion Ihe lattci is extensively used in medicine, 
photogiaphy and the manufaclutc of aitificial silk (sec below) 

If lowei mtiatcs of cellulose aic mixed with camphoi and 
submitted to the action of heat, celluloid is obtained Ihe waim 
pioduct is easily moulded, and sets to a haul, Iranspaicnt mass on 
cooling It is employed in the manufacluie of a vanety of useful and 
ornamental aitides, but is veiy inflammable 2 

1 1 he iclutl formula' of the nitrite? are, of course, higher multiples of tho above a Recently 
i product simthi to celluloid his come into use undei the name of galaltih It is prepired from 
casein by interiction with forimldchydc, Ins no odour, md is not dingoroiisly mflamnnble 
Crtiofi , prepired from cellulose acctnlc (celhie) by the addition of c iniphor, is also less mflamnnble 
thin celluloid 
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For the preparation of celluloid, 10 paits of minted and specially Ueatcd tissue 
paper are intimately mixed with an alcoholic solution of 4 ^ 5 ptita camphor, 
to which may be added colommg mitter Ihe rmxtuie is kticulcd it iboul 90 
in closed non vessels, lolled out into plates, and thoroughly clued at a model tie 

temperature 

Celluloid may be considered as an intimate physical mixluic of 
mtrocelluloses and camphor Nevet thelcss, its behavioui in some ways 
resembles that of a tiue chemical compound, since it no longci 
possesses the pioperties of a simple mixture of its components, and 
can not be sepaiated into the laltei by mechanical means without 
great difficulty 

Owing to the comparatively high puce of camphoi many attempts 
have been made to leplace it wholly 01 in pait by olhu substances, 
but so far no sahsfactoiy substitute has been discovered Among 
numeious compounds suggested for this pui pose, the most useful 
appeals to be naphthalene 

The highest nitiation product of cellulose Ins a mtiogen content appioachmg 
that of a cellulose hexamtiate (p 319), and is employed imclci the mmo of 
gun cotton in propellant explosives and for blasting Gun cotton bums, with 
exti erne rapidity but only explodes when detonated, cq when combustion ib 
initiated by means of a little mercury fulminate Foi explosive pm poses it 
may be used directly in the compressed state, as in toipcdocs and m cutiidges 
for blasting, or it may be employed mixed with mtroglyccnnc (p 244) A 
development of great impoitance is the uttlisition of guncotton and pyioxylm 
m the prepaiation of smokeless powdei This is based on the fact that when 
mtrocelluloses are heated with solvents such as acetone or ethyl acctUc, even 
m quantity insufficient for solution, they completely lose their oiguusut sliuctiue 
Under this treatment they swell up, foimmg a gelatinous pioduct, which, aftei 
removal of the solvent, gives an amorphous mass of the same chemic il composition 
as the starting material, but possessing a much closei texluie I11 such 1 pioduct 
the explosion wave is piopsgated with much lowei velocity, thus lcndenng it 
suitable for use as a propellant Nitrocellulose powdeis of this type have been 
adopted by the oidnance departments of almost eveiy aimy The explosive Is 
employed in the form of small squaies foi lifles, and in nbbons 01 bundle > of 
rods foi artilleiy In the British and Italian aimies, and m reilain nivies, 
ponders aie also in use winch contain a considerable piopoition of mtioglyeeime 
in conjunction with nitrocellulose 

Nitiocellulose is fiuthei of gteat industnal value m the piepaiation of aitilicuil 
silk 

Artificial Sill 

The preparation of aitificial silk consists essentially in foicing a sympy solution 
of cellulose, or certain cellulose deuvatives, under high piebsiue thiough vciy 
fine apertures into a suitable medium, whereby Lhc solvent is tcmoiecl and 
fine thleads aie obtained The threads aie allowed to foim undci slight tension, 
and as soon as they have solidified aie twisted 01 collected dneclly on lccls, to 
be woven subsequently into fabrics in the same way as natural silk 

The practical difficulties of this piocess wete first overcome in 1885 by 
de Chaidonnet, who employed collodion as the stalling miteml Ibis gave 
a thread consisting of nitrocellulose and therefoie exceedingly inflammable 
By treatment with denitrating agents, among which sodium hydrosulphule is 
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the most suitable, it Mas found possible to icplicc the mtiatc gioupmg m the 
nitrocellulose threads by hydroxyl without alteiing the fonn of the maluiil 
threads consisting of cellulose or a hydrate of cellulose me thus piocliu.nl, 
which me no more inflammable than oidmaiy cotton At the pie sent time huge 
quantities of aitificial silk manuficlured m this nay mo used under the nunc of 
Chardonnet 01 collodion stU 

Cellulose threads possessing the desued silky gloss me al c o obtained by olliu 
methods, eg by utilising a solution of cellulose in mnmomacal coppei oxide m llic 
** spinning liquid” (Pauly’s method) In tins c ise the liquid is foiced into dilute 
sulphuric acid, which coagulates the threads and it the same time lcmoves coppei 
and ammonia, yielding without any fmthci tieilment a cellulose thiead 

A product known as viscose nil is m mufauined by use of a solution of cellulose 
xanthates (p 318) The tin cads consist at fhst of vistosi, but when dued and 
submitted to treatment, which need not be dtsenbed in detail, caibon bisulphide 
and alkali me eliminated and cellulose is fmmed 

All these vmicties ofaitiflciil silk possess a high luslic and pine white eolemi, 
and may be obtained without difficulty in all shades by dyeing in the usu tl 
manner as for cotton They have, liowevci, a low tensile stiength, espeei illy m tin 
moist state 

Acetate silk, manufactmcd fiom acetyl tied cellulose, possesses 1 good Iustio and 
gieat tenacity It is also insensitive to moistuie 


XVIII 

Cyanogen Compounds 

Cyanogen, dt cyanogen, o\alo white , C 2 N,, was discoveicd m 181^ by 
Gay-Lussac It is the fijst known example of a "compound judical" 
occmnng unchanged thtoughoul a whole senes of denvatives, and 
playing in eveiy case the pait of a monovalent element It behaves in 
many lespects like the halogens, foimmg, foi example, a hydtogen 
compound IICN, hydtocyatuc acid, which sltongly usemblcs the 
hydiogen halides in its piopcities 

Cyanogen, N C C N, is the mlnlc of oxalic acid and can bo 
piepmed fiom ammonium oxalate by heating it with dchydiating 
agents 

C> 0 |(NJI|) 2 - <tll 2 0 - C 2 N, 

It isalsofoimcd by heating meicimc cyanide, HgfCN^^-IIg-l C„N„ 
In this 1 eaction a blown amoiphous polynui of cyanogen culled 
penacyanogen lemains behind, the moleculai weight of which is 
unknown Cyanides of gold and silvci decompose in a smnlai mannci 
nndei the influence of heat Cyanogen is usually piepated by healing 
a solution of coppei sulphate with potassium cyanide 

2CuSOj l 4KCN - Cu 2 (CN) 2 1 C,N, I alCSO, 

It is a colouiless, vciy poisonous gas of pungent smell, it condenses 
to a liquid at ~25°, and bums with a bluish»ied flame In aqueous 

X 
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solution it decomposes lapidly, foinung a blown, amoiphous mass 
known as cuulmic acid 1 

Hydrogen cyanide, prussic acid, HCN, is found in the ficc state 
in ceitam tiopical plants, and is formed fiom the glucosidc amygdahn t 
piesent in bittei almonds, by the hydiolytic action of the cn/3'me 
emulsm 

C, 0 II Oi O u N + 2lI 2 O = C ? H a O MICN^2C 0 II 12 O 0 

Amygdtlm Benz aldehyde d Glucose 


A veiy dilute solution of hydiogen cyanide obtained m this mannet is 
used medicinally 

Hydrocyanic acid is best prepated by the action of concentiated 
sulphiuic acid (diluted with an equal volume of walci) upon a vvaim 
strong solution of sodium cyanide Hydiogen cyanide escapes ns a 
gas and can be condensed by use of a freezing mixtuie 

Hydrocyanic acid may also be prepated by heating potassium 
fenocyamde with dilute sulphunc acid 

2K 4 he(CN) 0 + 3H,SO 4 - lCFe 2 (CN) 0 I 3 K,SO i I 6IICN 

Hydrogen cyanide is also fotmed fiom acetylene and mtiogcn 

under the influence of the electuc arc, and is present in ciude coal 

gas It was oiigmally piepaied fiom Piussian blue, thus giving use 

to the terms prussic acid and cyano-compound (fiom the Gicek loot 
signifying 11 blue ”) 

In the anhydrous state hydrocyanic acid is a colouilcss liquid with 
a pecuhai smell, lemimscent of bittei almonds It boils at 26°, and 
solidifies to a crystalline mass at - 14 0 It is one of the weakest 
acids, and like most cyano - derivatives is exceedingly poisonous 
Hydrocyanic acid readily combines with water, even on standing 
in solution, to fotm ammonium foimate, fiom which it is easily 

r? ^ lstlIlatlon ° n 1 eduction it yields methylammc, 
CN + 4H=:CH 3 NH 2 It unites dnectly with the caibonyl gtoups 
of aldehydes and ketones (see p 170), and adds on to the double bond 

o eth y lene deuvatives Phenyl isocyanate reacts with it to form 
cyano-fot m anilide 


HCN + C a H 0 N C O - C 0 H 6 NH CO CN 

n^3t!! e ^ dlt u'\u f HCN t0 or B an,c compounds is found to be initiated, m greatly 

H cveSt'd or °' 0, “', S ” 0,S “" : b ““> “ ">« “the? l,»„d 

connecled wiii ,™ f d by . n V nSn ‘ * ad * A “ 0ldln e Lip»oilh," l8 

connected with mmsation and the intermediate foimalion of complex ions 

u The constitution '. of hydiocyamc acid as the mtulc of foimic acid, 

the fl ° m ltS P roduct,on from ammonium foimate and 

the ease with which it may be convened into the lattei It gives use, 


1 For the reactions of cyanogen, see Vorhtnder, Bt> , j 9II) 44, 2455 
Chtm Sac, 1903, 10 , 189, 20, S 4 1 a » ■*’> ^455 


2 Lnpworlh, Ptoc 
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however, io two distinct senes of alkyl deuvativcs, namely, the 
nitilies R C N and the isonitnles R N C 01 R NC (see p 205), 
and teccntly the formula II N C has also been consideied foi the 
fiec acid In any case, the acid must be classed as a liquid tautomeuc 
compound, and hence should be legaidcd as an cquilibuum nnxluie of 
the two possible fotms IICN and IINC Undci oidinaiy conditions 
the compound appeals to consist almost cntiicly of the foim II C N 
At highci tempcialuies the piopoition of lsomtnlc incieases somewhat 1 
Simple find Contp/iv Sails 0/ Ilydtoiyanic Acid —Alkali cyanides 
aic foimed on heating mtiogcnous oiganic matlei with the lcquisilc 
metals Like the cyanides of the alkaline earths and of mcicuiy, they 
aic leadily soluble in watei, whcicas the cyanides of the lcmainmg 
metals aic foi the most pa it insoluble 

Potassium cyanide can be picpaicd by heating potassium feno- 
cyanide in the absence of an 

K,l>e(CN)„ =» l'o \ C, I N 8 t tICCN 

It is used as a solvent foi silvei salts in phologiaphy, foi the picpaia- 
tion of vanous double c> unities in eketio deposition, and foi the 
extiaction of gold When metallic gold dissolves in a solution of 
potassium cyanide, a double salt of the foinuila ICAu(CN) 8 is foimed, 
appaiently with absoiplion of atinosphenc oxygen accoidmg to the 
equation 

2A11 l 4ICCN l slip 1 Oj - aKAu(CNX, I 2ICOII 1 U 8 0 , 

Ihehydiogcn peioxide set fice enables an additional amount of gold 
to pass into solution 

2 An l 4KCN I IIP, - 3KAu(CN), i 2 KOI I 

Metallic gold may be obtained fiom the compound KAu(CN) 8 by 
electiolysis oi pi ampliation with metallic /inc 

Owing to the demand foi potassium cyanide foi these puiposes, it 
has tccently been picpaicd synthetically by leading ammonia 01 
nittogen ovci a tcd-hoL mixtuic of chaicoal and potassium caibonate 
Effoits have also been made to picpaic it comincicially fiom calcium 
cyanamidc In the foimci pioccss potassium cyanatc is fiist pioduccd, 
which is then conveited into potassium cyanide, piobably as a lcsult of 
the 1 educing action of the chaicoal 

K,CO e l-Nil, KOC'N I Tip-) ICOII 
"iCOCN l L - KCN-I CO 

Potassium cyanide is obtained fiom the unde ptoduct by exLiaction 
with watei, and salting it out of the conccnlialcd solution by addition 
of potassium caibonate 

1 K II Meyer and Ilopft, Bet , 1921, 64 * 1709 
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It is almost insoluble m absolute alcohol, but dissolves icadily in 
watei In aqueous solution it tapidly decomposes to give potassium 
foimate and ammonia, KCN + 2H a O = HCOOKH-NII 3 Its powei of 
undeigoing double decomposition with halogen substitution pioclucts 
of organic compounds is frequently used for the intioci uetton of the 
cyano gioup Silver cyanide, AgCN, is obtained by piccipilatmg 
potassium cyanide with silver nitrate With excess of the first leagent 
it forms a beautifully crystalline double compound, KAg(CN) 2 , which 
is used for electiopiating, just as the double cyanides of gold and nickel 
are employed for the electi o-deposttion of these metals 

This tendency to form complex salts is chaiactcnstic of the cyanides, 
and in cettain cases the metal and cyanogen ate uni Led in such a 
manner that neither of them lesponds to the usual tests Among such 
compounds are potassium feirocyamde oi yelloiv pi uss trite of pota (A, 
K4Fe(CN) 0 +3H 2 O, and potassium fen icyamde or ted piusstate of potash, 
K 3 Fe(CN) B These ate salts of hydiofeiloeyame acid, IIjFe(CN) 0 , 
and hydroferncyanic acid, H s Fe(CN) a , 1 espectively, 1 ancl euc descubed 
m detail in text-books of motganic chemistiy Potassium feiio- and 
ferncyamdes are complex salts containing the electio-negattve ladical, 
Fe(CN) fl Oil ionisation in solution they bleak up into the complex 
anions Fe(CN) 0 and potassium cations The fetucyanidc is less stable 
than the ferrocyanide, and for this leason is poisonous, as it decomposes 
to give hydiogen cyanide when taken internally It may also be 
mentioned that potassium feirocyamde, which is the stai ting matenal 
m the pi eparation of the above cyanogen compounds, has been obtained 
from early times by heating nitrogenous animal lefuse (such as blood, 
horn, hoofs, and han) with potassium caibonate and non (oi lion 
ore) Recently this method has been abandoned and tlic salt is now 
prepared by absotbing hydrogen cyanide in a suspension of fenous 
hydroxide or ferrous carbonate in aqueous potassium cai bonatc, oi by 
treating Prussian blue with potassium hydioxide Hydiogen cyanide 

and other cyanogen derivatives are obtained as by-pioducts in the 
manufacture of coal gas and coke 

Potassium ferncyanide is piepaied fiom potassium fei 1 ocyanldc by 
oxidation with chloi me, 


2 K 4 Fe(CN) 0 + C!„ = 2 K 8 Fe(CN) fl H 2KCI 

With leference to the constitution of hydiofei 10- and hydlofenicyamc 

acids, it is assumed by many that both contain the til valent radical 
G 3 iN 3 of cyanuuc acid 

^nvauves of hydrogen cyanide, te mtnles and isomtnlcs, 
have already been discussed in Chapter XI 

p “-'”* bgh ll ” 
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Oyanlo Aoid, Oyamelide, and Cyatvurio Aoid 


Cyanic aoid, IICNO, may be lcpiesenlecl by eithci of the two 
possible stnictiues I and II 


I 


OTI 
N 

Cyimc 'ictd 





I&ocy mic "icuJ 


Only one cyanic acid, howcvci, is known I his is obtained by the 
action of heat on cynnuiic acid, and fotms a coloui less liquid which 
is unstable above o° As will be seen lalei, the acid is taulomciic, 
yielding deiivatives couesponding to both of the types I and II In 
accoidance with the modem views on taulomciic fluid compounds, it 
may be lcgaidcd as an allcloliopic mixtuie (p 64 ) of these two foims 1 
At tempeiatuics above o°, liquid cyanic acid is liaiisfonncd with 
explosive violence into oyamelide, of the foimula (CNOII) 8 This is 
piobably foimcd by the polymeiisation of isocyanic acid, combination 
taking place between caibon and oxygen in the following mannei 


HN C 
O 


/P C Nil 

II 

Nil 


Isocyanic acid 


O 

IIN c/\c Nil 



C NH 

Cyamchclc 


Cyamelide is a white, poicelain-like mass which is insoluble in watei 
On being heated it is depolymerised to cyanic acid When heated 
with watei the cyanic acid fiist pioduced decomposes slowly into 
ammonia and caibon dioxide 

Oyanurio aoid, (CNOII) 8 , anothei polytnetide of cyanic acid, was 
discovcied long ago by Schcclc dining the diy distillation of utca, 
CO(NII 2 ) z Undci the influence of heat, the uica fust bicaks up into 
ammonia and cyanic acid, and the lallci, by union between caibon and 
tuLiogcn, immediately polymeuses to cyanuric acid 


N 


no c on 

N«v N 

on 

Cy-imc ticid 


N 

HO C f\c Oil 


N 


N 


Yon 

Cyanuric acid 


Cyamuic acid js also foimed ftom cyanunc biomidc (obtained by the 
action of biominc on potassium femeyamde) by wanning with watei , 

3 According’ to Miclncl md Hlbbert, Amt , 1909, 864 , 64, cyanic acid possesses the imide 
structure IIN CO in the gaseous state and in curiam solvents 

X ^ 
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and by the isomei isation of cyamehde, which is effected slowly and 
partially on boiling with water, 01 moie lapidly and completely with 
alkalis 

It is a tribasic acid which ciystalhscs in rhombic pi isms On 
piolonged boiling with hydrochloric acid it decomposes into caibon 
dioxide and ammonia 

Cyanunc acid contains the ladical (CN) S , in which carbon and 
nitrogen aic linked alteinately to form a closed ling The solid acid 
is a tricaibinude of type 4 (below), and therefoie a pseudo-acid Hence 
it is known as pseudo cyanunc 01 isocyanunc acid 1 The Ihice pseudo- 
gioups, CO NH, are capable of lsomensing into the salt foi ming giotips, 
C(OH) N, giving use to foui types of denvativcs, as lllusLialcd by the 
following formulae of the isomeric it ictlkyl esteis of cyanm 10 acid 2 


1 

N 


RO C 


N 


C OR 


2 

NR 


3 

NR 


4 

NR 



OR 

OC 


C OR 

OC, 

/ N 

C OR 

OC 

/ N 

\ 

N 

N 


;N 

RN 

L 

N 

RN 

X s 


C OR 



CO 


NR 


CO 


CO 


Cyanuric acid and cyamehde aie theiefoie polymcndes of cyanic 
acid possessing different constitutions The lelationship between these 
three compounds is illustrated in the following diagiam 2 (Ilanl/sch) 


Cyamehde 
* (CNOH) s 


Ord temp 


Easily decomposes into 


Cyamc acid, CNOH 


OH' 


High temp 


ions 


COg h NIX 


a 


Slowly decomposes Into 


{CNOH) 3 
Cyanuric acid 


Denvatives of Cyamc and Isocyamc Acids 

A derivative of nonnal cyamc acid, HO C:=N, is oyemogen chloride, Cl CSN, 
prepared by the action of chlorine on metallic cyanides 01 hydrocyanic acid 3 
HCN + Cl 3 «=• NC Cl + HCI It is a very poisonous liquid which boils at 14 s° s 
readily polymerises to cyanunc chloride, C 3 N 3 C 1 3 , and on treatment with potassium 
hydroxide yields potassium chloride and potassium eyinate 

NC Cl + akOH = NCOK + KCl + BIaO 

Msteis of no?mat cyamc acid ha\e not yet been isolated, but lsooyanto estors, 
O C NR, derived fiom the pseudo acid are well known The latter aie 

1 Hanti'sch, Bar , 1906, 39 , 139 0 Hantzsch and Bauer, Bat , 1905, SS, 1005 



nilOCYANIC ACID 


127 


obtained by heating salts of alkyl sulphtuic acids with potassium cyanato, m 
alkyl iodides with silvei cyanate (cyanmic csteis being also formed). 

OGNAg hT GAT n 5. O G N GJI„ I Agl 

They aie liquids of exceedingly pungent smell which boil without decomposition 
When heated with alkali they decompose into caibon dioxide and ptbinaiy amines 
With ammonia and amines they unite to foim dcinatives of im 1, NCO 

+ NII 5 ^ C 3 IJ 6 Nil CO Nil 1, and with ahohol to foim deiivitivcs of cubamu 
acid Esteis of isocyanic acid giadimlly polymcnse to cyanuiic csteis 


Thiooyanic Acid and Derivatives 

Thiocyanic KtACi^sulphoiyanp, and> IICNS, coticsponch to cyamc at id, 
and like the lattei may icact m two foims 


I 



rinoryanip 

acid 





Pseudo thiocymit and 
(Isollnoryamc null) 


Only one thiocyanic acid is known, which may be obtained by ti eating 
bauum thiocyanate with an equivalent piopoition of sulphuiic acid, 01 
dry meremy thiocyanate with gaseous hydiogen sulphide It is a veiy 
volatile liquid with an acud smell, and like cyanic acid icadily pass<s 
into a solid polymetide I he ficc acid and its soluble salts give an 
intense red coloiation with faintly acid solutions ol feme salts, a 
leaction used as a sensitive test foi the feme ion I ho coloiu 
depends on the piesence of the unionised compound, l'c,(CNS)„ 

Potassium thiocyanate, CNSK, is obtained by fusing LogoLhei 
potassium cyanide and sulplnu It dissolves icadily m watei with 
consideiable absoiplion of heat Sodium thioiyanatc oecuis in 
the saliva and nunc of vaiious animals Ammonium thiocyanate , 
CNS(NIIj), is prepaied fiom caibon bisulphide and ammonia 

GS^ l aNir, - GNS(NII,) I 1I.S 

It foims deliquescent ciyslals, which on heating at ido° aie tuinsfoimcd 
into thiouica, and at 180’ inLo guanidine thiocyanate S Uvei thiocyanate^ 
CNSAg, is deposited as a iaiccipilate lescmbhng silvci chloiide duilng 
the volumetric estimation of silvci by Volhaid’s method JMuany 
thiocyanate may be obtained as a gicy atnoiphous piecipitalc, when 
moulded into pellets, dncd and ignited, it foims long snake like 
tubes of ash (Phaiaoh’s sei peats) 

Esters oj noimat thiocyanic acid, of the foimula N_~C—-S R, aie 
obtained by healing potassium thiocyanate with potassium alkyl 
sulphates 01 alkyl iodides 

CN SIC I CjII;,! = CN SCjIIg l ICI 

They aie liquids smelling of gailic, and aie insoluble in watei On 
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reduction with zinc and sulphuric acid they yield hydiocyamc acid 
and mercaptans, 

CN S C 2 H fi + 2H = CNH + IIS C 2 II 0 

and when heated they partially isomense into isothiocyamc estcis 

The estets of iso - or pseudo cyanic and\ S C N R, aic known as 
mustard oils, and occur in vanous plants as glucosidcs of imino-thio- 
carbomc acid, of the type 

Glucose— S—C -NR 



In addition to being formed by isomerisation of the nonnal edicts, they 
are obtained by the action of mercunc 01 feme chlonde on am me salts 
of alkyl ditlno-carbamic acids (piepared by the combination of caibon 
disulphide and amines) 

y SH, NILCJD 
2C 2 H c NH 3 bCS 2 —> CS< 

>NIIC,II fi 

—C NC 2 II s + H 2 S i-Nir,C 2 n o 

They are lachrymatory liquids of extiemely pungent odoui, which ate 
almost insoluble m water 

When heated to ioo° with hydrochloiic aud 01 to 200° with watci 
they are hydrolysed to primaiy amines, caibon dioxide and hydiogen 

sulphide g c N CjHs + aHi0 _ h„N C,II 5 + C 0 2 H II 2 S 


Under the influence of stiong sulphuric acid they yield piimaiy amines 
and carbon oxysulphide 

S C NC 2 H 5 + H a O - II 2 NC 2 II g bS c o 


On 1 eduction 
foim aldehyde 


they aie conveited into a piimaiy am me and thio- 
S C NCoH,+ 4 H - H 2 NC 2 H 0 + SCIT 3 


These leactions piove that in mustard oils the alkyl groups aic linked 
to nitrogen 

The best known representative of this class is ally! mustard oil 

{ordinary mustard oil), S C N CH 2 CH CH„ which may bo obtained 

from the seeds of black mustard {Sinapts mpid) by distillation with. 

water It is a colourless liquid, bp 148°, the vapour of which is 

exceedingly pungent and lachiymatory The liquid uuscs blisters 
on the skin 


Sinisrin, potassium myronate , is the parent substance of Ihe natiual allyl 

mustard oil It is a glucoside of the formula CIL CII CII„ N 

3 ^ 11 a ^ ^^OSO OK 

This structure was first advanced by Gad-uner and latci con Aimed by Schncidci 

crwtSs 6 ?,’ i'a h ° ls . ohted ,‘b° glucose from t5,e compound Smignn foims white 
crystals ^hich dissolve readily in water and sparingly in alcohol 

1 W Schneider and Wrede, Bet , 191^-47, 3^25 
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Olieirolln, (y thioc'ubimiclo propylmethylsulphone), CII) SOj CII> CII> CEIj 
N C S, the must'll cl oil of wallflowci seed, has been piepucd synthetic illy 
It distils at 165° to 168 0 (6 nun) ss 1 coloutless oil which solidifies to a while 
crystalline mass of melting’ point 44 0 

Etysolin, CH a SO. (Clio), N C S, a homologuc of clicnolin, has bt.cn isolated 
from the seeds of Etysimum fie>owskianitm and also synthesised 1 

Oyanainj.de and Derivatives 

Oyanamide may teact in accoi dance with cithci of the fotnnil.u 
N C NII 2 and IIN C Nil, and it is not known with ccilamty 
which of these stiuctuies repicsents the solid compound It is 
formed fiom ammonia and cyanogen chlondc, and also by Ueating 
thiouiea with mcrcuiic oxide 01 lead hydioxide 

NIIj—CS—NIIj - NON II, l IJ/i 

JUiiouict Cynumult 

Cyanamide is a colouilcss ciystallinc compound, which melts at 40° 
and leadily poly menses At 150° it is tiansfoimcd into tiimolcculai 
cyanuramide 01 melamine , C 1) N J (NII,) ) 

On the one hand it behaves as a weak base, and with stiong acids 
foims salts which aie hydiolysed by watei On the olhei hand it 
shows the piopeilics of a weak acid, yielding metallic salts such as 
the technically impoitant calcium cyanamide, and <x yellow silvct 
salt which is insoluble in ammonia 

Oalomm cyanamide, CaCN 4 , is picpnicd by heating a mixlutc of 
lime and coke in an almosphcto of mliogcn tn an clectuc fmnacc 

CaO l 2C 1 2N = CaCN, I CO 

The product so obtained is extensively used as an aitificial manme, as 
it decomposes slowly with watei to give ammonia 

CaCN a h 3llj}0 - C'aCOj hsiNlIg 

In this mannei it is possible to piepare ammonia jndncctly fiom 
atmosphenc intiogen, and the pioccss is of gicat value fiom the 
agncultuial point of view 

It is also possible to use calcium cyanamide m the picpaiatton of 
alkali cyanides, which aie icquncd in quantity foi the exliaction of 
gold For this puipose the compound is fiist boiled with watei, when 
dicyandiamide is fotmed 

2CaCN 2 H 4lI a O - sCa^II),, I (C’N NIT,),, 

The lattei, on fusion with a mixluie of caibon and soda oi potash, is 
then convcited into alkali cyanide and ammonia, melamine also being 
produced 

(CN NII 2 ) 3 + NajCO 0 | 2C - sNnCN I Nll a 4 II I 3CO | N 

1 W Schneider, inn, 1910, 876 , 207 , J 3 e> , 1913, 40 , 263} 
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Fulminio Aoid 


Fulminio acid, cmbonyl oxwie, C N Oil, is icg.udcd as the oxime 
of carbon monoxide, 1 and possesses the piopcities of a strong acid 
It is a very unstable, volatile compound, with a smell lccullmg that of 
hydiocyanic acid Like the lattci it is vciy poisonous It is foimed 
when fulminates are treated with stiong acids and also by the 
decomposition of formamidoxime (lsuictin) 


H 


H 2 N 


\ C 


NOII 


NII a l-C N Oil 


Mercui*y fulminate, (CNO) a Hg, is the most lmpotlanl of the salts 
It was discoveied by Howard in 1799, and is laigcly used in pci cuss ion 
caps as a detonatoi for explosives It is piepatcd technically by 
dissolving meicuiy in an excess of stiong mine acid, with the sub¬ 
sequent addition of alcohol Silver fulminate may be obtained in a 
similar mannei , it is much moie explosive than the mcicuiy compound, 
and is used tn the manufactuie of ciackeis 


XIX 

Deiivatives of Caiborne Acid 

Carbon dioxide is the anhyducle of the vciy unstable caibonic 
acid, H 2 C0 3 01 O C(OII) a , which may also be consideicd as hydioxy- 
formic acid, HO COOII Owing to the influence of the cat bony I 
group on the adjacent hydioxyl groups, the acid is dibasic Caibonic 
acid and its salts are described in moigamc text-books, and only a few 
of its derivatives will be treated heie 


I.—ESTERS AND AOID CHLORIDE OF OARBONIO AOID, 

Ss/ers of cat borne acid , CO(OR)„, are piepared by the action of alkyl iodides 
on silvei carbonate, or of alcohols on carbonyl chloride, COGh Tliey nio ethoieal 
smelling liquids and aie soluble in watei, in which they gruluolly decompose 
Jcshts of ot tho cai borne aud, C(OR) t , aie derived fiom the hypothetic \1 01 Ihn 
carbonic acid, C(OH) 4l and are formed by the action of sodium alcoliolatos oil 
chloropicrin, CC 1 3 N 0 4 These are also etheieal smelling liquids 

CCli NO a +4NaOGH 3 = CCOGIIg), 3 NaGl ) NnNO fl 

Carbonyl ohloride, phosgene, COCl 2 , is produced by duccl com¬ 
bination of cai bon monoxide and chloune, and is piepaied technically 
y exposing a mixtuie of gaseous chlounc and esubon monoxide to 
the dnect .ays of the sun In the laboiatoiy it is moic conveniently 
obtained by the action of sulphui tnoxide on catbon tctiachloi ide 

' 2 SOg = COCI 3 .fS 2 O a Cf 2 Pyroaulphuryl chloride 


1 H Wichnd, Ann , 1906, 847, 233 , 860, 390 


Bet , 1907, 40 , ^i8 , 1909, 42 , 820, 1346 
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By the use of 45 pei cent oleum (pyi osulphm ic ucicl), cm bony! 
chloride and chloiosulphomc acid aie fonried almost quantitatively at 
78°, accoidmg to the equation 

S 0 8 HljSOj + CCli - COCI, I aSOgTICl 

In the piesence of catalysis, howevei, of which infusoiial caith is the 
most satisfactoiy, the icaction can be biought about by the use of 
sulphuric acid alone 1 

aHjjSO, I 3CC1J - 3COCI, I 4IICI I SjOjCI, 

Although a colouiless gas at oidinaiy tcmpeiatuies, caibonjd 
chlonde icadily condenses to a liquid of boiling-point 8" in which 
foim it is brought on to the maikct It has a vciy pencilating, 
choking smell, icadily dissolves m glacial ai etic aeid, bcn/cne and 
othet hydiocai bons, and owing to the mobility of the chloime atoms 
is veiy leactive When heated with walet it decomposes into eat bon 
dioxide and hydtochlonc acid, COCl a -|~ II/) = (0 4 ?IK 1 With 
alcohol the fiist pioducl is chlo>o-imhome esit), 

cocij 1 iioCjiis = ci co oCjjiij 1 nn, 

and finally cm borne esta 

COCI 2 I 2lIOC5,TI r , - CO(OC,II fi ), l allC’l 

With ammonia it yields utca, the diavndc of imbomc atid s 

COCI,, l 2NII 8 - COfNUOj I 2llf ! 

Phosgene is employed lndusliially in the piepaiation of rh- and 
tnphenyl methane dyestuffs 

Ohloi'0 oarbonio esteis, also known as ihhio fonnn csleis, of the 
general foimula Cl CO OR, aie pioduced as mentioned above by the 
action of alcohols on phosgene Ihey aie best obtained by adding 
the desned alcohol to stiongly cooled liquid iihosgcne They me 
volatile liquids of pungent smell, which aie used loi liUiodueing the 
group —CO OR into oiganic compounds With oigano-magnesnmi 
halides they inleiact to give csteis of caibosylic aeids 

R'MgBr I Cl COOK « R' COOR I MgClJh 

II —AMIDHS OP OARBONIO AOID 

The dibasic nature of caibomc acid is also shown 111 the foimation 
of two amides, vi/, caibamic acid, a mono amide, 110 CO Nil,,, and 
mea, a diamldc, CO(NII„) 2 With these compounds should be 
gioupcd guanidine, C,NII(NII 2 ) 8 

Oai’banUo aoid, HO CO Nil;, is not known in the fiec stale, blit only 111 the 
form of salts and cslcis Anunoni udi cmbaviafc is pioduced as a while miss 
by the combination of dry caibon dioxide and diy ammonia, COi I 2 NII, 
=CO(ONfIj)(NII a ), and is picscnt m commcicial ammonium caibonalc On 

1 Grlgnard and Urbiin, C , 1919, III, 989 
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being wiumed to 6o° m aqueous solution it takes up a molecule of w atci and is 
convened into ammonium caibonate, CO(ONII 4 )(NII,,)-|-II/) = CO(ONII,), 

Esteis of carbamic acid aie known as urethanes They may be 
piepared by the action of ammonia on caibomc oi chloio-eaibomc 
esters at the oidinaiy tempeiatuie 

Cl CO OC,II, I-NIL, - NII 2 CO OCjUjd IICl 

c^np co ocpB-t nh, - nil, co oc,n fl i cjipn 

lith> I c w Lmn ilc (m cth me) 

also by heating acid azides with alcohols (set p 204) 

I ho methanes ciyslallise well, distil without decomposition, and 
aie soluble in alcohol, cthci and walei With alkalis they decompose 
into caibon dioxide, ammonia and alcohols, and when healed with 
ammonia give uica 

The compound commonly known as urethane is the ethyl cstei 
of cav battik acid, H 2 N C O OC a II 6 It melts at 50" and boils at 
184° When licated with veiy concenliatcd mine acid it yields 
nUto urethane, NO a Nil CO OCoH^, fiom which nitiamide was fiist 
isolated Ut ethane is often employed as a nai colic in physiological 
expeilmcnls on the smallci animals 

Trloliloi’o otliyl-uvethano, II 2 N CO 0 CII 2 CC 1 8 is used as a 
hypnotic undei the name of “Voluntal” Fhaimacologically, it stands 
between chloial and uiclhanc 

Urea, carbamide, NII 2 CO NII 3 , the diamide of caibomc acid, 
was discovctcd in mine in 1773, and was the fiist 01 game substance 
to be synthesised in the laboiatoiy (Wohlei, 1828) It occms m the 
urine of mammals and ceitain lcpliles, and in many olhei liquids of 
animal oiigin A human adult cxeictcs about 30 gms of uica pci day, 
as the decomposition pioducl of piotcins 

Uica is formed ducctly by the hydtolysis of egg albumin, serum 
albumin, casein, gelatin, etc, undei the lnflucnec of alkali hychoxidts, 
and also, though eonsideiably less tapidly, by use of calcium hydiovidc 
Uica can be piepaicd fiom mine by boiling down to small bulk 
and adding mine acid Undei these conditions uica mtiatc is ptc'- 
ctpilatccl, liom which, aflci suitable pin 1 fication, 111 ea can be ltbcialcd 
by means of bauum caibonalc 

Synthetically, it is obtained by the action of ammonia on phosgene, 
ethyl caibonalc, 01 methane Ihese inactions piove the constitution 
of uica 1 

,C 1 ITNIT 2 yNII, 

C 0 -t - CO l all Cl 

Vl ITNII* ^NIIj 

COPCjIIb), I aNII 3 - G 0 (NU 2 )j I aC.IipiI 
COCNII^XOCsiHb) 1 Nils *• CO(NII 5 ) 2 I Calipil 

1 I ( or an nlleni'iiive contUtution of ure% advanced by }* A Weiner, bcg p /o 
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It is also foimed by the mtiamoleculai leanangcmcnt of ammonium 
cyanate, when this is evapoiatecl in aqueous solution 1 

CON Nil,-CO(NII,)-> 

This is the epoch-making synthesis of uica effected by Wohlei in 
rS28, by evapoiating an aqueous solution of potassium cyanate and 
ammonium sulphate The potassium sulphate which ciystalliscd out 
on cooling was filtcicd off and the filtiatc evapotated to dtyncss 
From the solid residue thus obtained, uica can be extiacted by means 
of alcohol 

Uica ciyslallisos in long lhombic pi isms oi needles, which melt 
at 132 0 It dissolves lcachly in watei and alcohol but is piactically 
insoluble in ethci It combines with acids to foim salts, of which the 
most important aie the nitiate, CON 3 II t) IINO[ and oxalate The 
lattei ate only spanngly soluble in watei oi nitric acid, and uica may 
theiefoic be piccipitatcd fioin its solutions in these foims Uiea also 
yields salts with bases, and combines with ceilain salts to give ciyslallme 
addition compounds Thus mcicuiic nitiate yields a pi capitate of the 
composition aCOCNII^),, IIg(NOj) g , 3lIgO, on the foimation of which 
is based a volumetiic mcLhod of estimating urea (I lcbig) 

Like olhei acid amides, uica isi icadily hydiolysed on being healed 
with dilute acids 01 alkalis, 01 with watei above ioo° 1 his decomposition 
also occuis duting the puticfaction ol mine, CO(NIL) B -|-ir^O = CO> 
-f 2NII, When heated alone at 150° to 170°, uica pails with ammonia 
and is conveited into buoct 

Nil, CO NII a 1 NII a CO Nil, -> NII g CO Nil CO NIT; 1 NII S 

Buu ct 

Bnuel foims colouiless needles, melts in the anhydious stale at 190°, 
and gives a violet coloialion with alkali and eoppei sulphate (see 
buuet leaclion, p 224) At tcmpcialuics above 170° uica yields 
cyamuic aud With nitious acid it icacts to give caibon dioxide, 
nittogen, and watei, LO(NII,) a -|-N,O 0 ^ CO a -h2N E -f-2ir g O Nitiogen 
is also libeiatcd by the action of sodium hypoehloutc 01 hypobiomitc, 
the complicated icaction which occuis in this case 8 is used in the 
Ilufnci method 8 of estimating uica, by measuting the volume of the 
nitrogen evolved 

A vciy convenient and acciualo method of estimating uica depends 
on the action of incase, an cn/ymc occmimg m soya beans Ihis 
convcits uica quantit.itively into ammonium caibonatc, which can be 
deteimmcd ducctly by titiation, 01 by libaaling the ammonia with 
potassium caibonatc and distilling it ovei into excess of dandatd acid 

1 llua pioce«?3 hrt been shown by J W illter anil Humbly to be a rcvcuible one* J C S* 
1895, 07 , 7 0 An N}io aqueous solution of urea at 100 gave about 4 to 5 per cent of 

lmmonmm cyan Uc 1 he change was followed by mo of ailvci nitrate, which formed the spai nigly 

soluble silver cyanate 8 bee Schcsmkow, iqoS, X, T25J 7 3 Lc Comto, C, 1903, X, 

Lorradh, C , igo6 r I, 1574 Giaciq C , U, r, 68 f 
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Alkylated uieaa } m which hytliogcn is leplacecl by alkyl ladicals, are known 
m consiclei \ble mimbci They aic fanned by vanmis methods, e } when punruy 
m serondaiy amines ieact with potassium cy male 01 isocynmc estets 

CO NR t Nil CII & = NIIR 00 NIlOIIj 

In then ptopcittes and icictions they stiongly lesemble urea 

Alkyl isouiontf> IIN C(OR) Nib, derived fiom an is yet unknown isoniciic 
urea of the foumitn, IIN C(OH) NII 2 , ue obtained by the muon of alcohols 
with cyan inrnle, nuclei the mfliienct of hychochloiic acid 

/OCII 3 

= C Nil M&Uiyl teourna 
\nIIo 

Somioarbazido, NII 2 CO Nil NII 2 , is foimed by the lnlctaclian 
of potassium cyanalc and hydta7inc hychale It is ficqucnlly utilised 
foi the detection and isolation of aldehydes and ketones, since the 
condensation pioducls, semicaiba/ones, obtained with these compounds 
usually ciystallisc well 

(cn,) 2 c o i ir fl N nii co nii, —-> (cn 8 ),c n nii to nil, i ii,o 

Acetone beni it u b 17 ule At clone bunic irha/one 

Guanidine, NII C(NII 2 ) 2 , may be lcgaided as lmino-mca, 01 as the 
amidme of caibannc acid It is contained in the steds of the vetch and 
the juice of the sugai-bcct, and is foimed wh<n cyanamidc is heated 
with ammonium chlondc solution 

C—N +NII a IICl - | C 

NNII, [ 

Guanidine is geneially picpaicd by heating ammonium thiocyanate 
at i8o° to igo a j when cyanamide occuis as an mtci mediate pioduct 


/NIIj ) 

4-nii y net 

\NII a ] 


C^ N H IIOCHj 




NIINIIg 


Ainmotminrt 

tlll(3C^ untc 


/Nil, 
>■ CyS 
\NIL 


I luourcii 




Cyan unnlt 


t Nil-, 1ICNS 


f /NIU 

k’C Nil \ IICNS 

( \nhJ 

fruanulmo 
tluory m Lie 


It is a stiongly basic ciyslalline compound, which is tcadily soluble 
m watci and lapidly absoibs eaibon dioxide fiom the au It com¬ 
bines with one equivalent of and to foim ‘■alts, of which the inhale, 
CIIgNuJINOg, is spanngly soluble in watei 

When guanidine is ticatcd with a mixlnn of nitiic and sulphunc 
acids, it is convcilcd into nitio guanidine (I) Ihis is the starting 
matcnal foi lh< picpaiation of a numbci of mteicsting denvalivcs of 
guanidine and uioa On ieduction with /me dust and acetic acid, 
niLio-gu.iniclme yields amxno- 8 ,uanidme (II), which on boiling with 
acids decomposes into eaibon dioxide, ammonia, and hydxawne (III) 

I II III 

/Nil NO, /Nil Nil, 

HN=C< HN=C< —II,N NIL I C0 2 h aNII. 

>NII S 
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The liychogen atoms in guamchne can be icplaced by alkyl and 
othei ladicals An lmpoilnnl substitution pioduct of this type has 
alieady been met with m atgimni (sec p 220) Iwo othei dciivalivcs 
aie cicatmc and cicatnunc 

Creatine, methyl - quanidyl-acetic <u 1 d, methyl- q/yeoiyavntn^ was 
synthesised by Volh.ud from cyanamide and methylammo acetic 
acid 1 (sai cosine) 

xNH„ H 8 C v /NIT 

C< H >N GIL COOH-^ IIN—C< 

iv n n(cit,) gh 2 cooii 

C retime 


It was discoveied by Chevieul in meat btolh, and is piescnt in 
muscle Hence 1L can be piepaicd fiom exit act of meat Cieatine 
is a ciystalhnc compound of weak basic piopeitics It has a bittei 
saline taste and is soluble in watei When wanned with dilute acids 
it loses watei and yields cieatimne 


/GIL, 

cn,- n< 

>C - Nil 
COOII II ,N/ 

Gicalinc 


-UO 

_ 

Tifo 


.GIT 

CIIj-NC 

l >C = NII 

CO-IIN' 

Cicilinme 


Creatinine is found in unne and in muscle It is stiongly basic 
and has an alkaline icacLion m aqueous solution By combination 
with watei it may be convcilcd into cieatmc 

Oieatlno phosphoxio acid, phoHphufjon, piobably having the stuiclme 1 
/NH^POall^ 

IIN = C/ , ha*5 iccently been shown by Ph and G P 

\N(Cn 3 ) Clin COOII 

Eggletan 3 to be a physiologically impoiianl constiluent of muscle tissue It may be 
1 egardetl as the paionl substance of the cieatine in the muscle In the muscles of 
cuistaceans, in which cieatine is ibsent, the place of phosplmgen is taken by 
tugmme phosphotic nud 1 Each of tlu se compounds is cliaiacteitscd by the mobility 
of the acid amide linking, the phosphonc acid being lapidly ancl completely lemovcd 
in the presence of dilute mineral auds, even in the cold 


III—SULPHUR DERIVATIVES OE CARBONIC) AOID, 

Oaibon oxyiaulphide, COS, is foimed by leading a mixture of cat bon monoxide 
and sulphm vapoiu tluough a led hot tube, and by the iclion of hydtogen sulphide 
on lsocyanic cstcis 

aOC N C H a I II S COS \ CO(Nn C TI^ 

It is a coloiuless tombusiible gas of uiiplcasint odom, which is decomposed slowly 
by watei and lapidly by alkalis to give cat bon dioxide and hydtogen sulphide, 
COS [ II 2 0 = COjl ICS 

Carbon suhutphide t CjS„ may be piepaied by vanous mUhods fiom caibon 
disulphide It is a ieddish fationgly rofiactmg liquid, 1 which solidifies below o Q 

1 C Fiske nnd Snbhirow, 9 cutici , i 193/, GB, 401 ^ Ph Fgglelon and G P Pgglcton, 

Bmhem Join n , 1927, 31 , igo fl O Meyerhof nnd Lohmann, Btochem Zetisc/n , 1928,106, 
49 4 Bti , 1912, <U 5 , 3568 
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Carbon disulphide, CS 2 , it, piepaicd indusD tally by leading sulphui 
vapour over wood charcoal 01 coke at a led heat, and uflci fractionation 
is obtained as a colouiless sttongly icfracting liquid of boiling-point 
46° and sp gi 1 27 It has an unpleasant smell, a shaip taste, and is 
veiy inflammable, burning with a blue flame to give caibon dioxide 
and sulphui dioxide, CSj + sOg — C0 2 -|-2S02 Caibon disulphide is 
insoluble in water, but mines in all piopoitions with alcohol and cthei 
It is a good solvent for iodine, sulphui, phosphoius, vegetable oils and 
resins 

The following ate the moie impoitant of its chemical icactions 
Chlonne 01 biomine in the piesencc of a halogen “camci ” conveits it 
into caibon tetiachloride 01 tetiabiomidc On ticalmenl with an 
alcoholic solution of potassium hydtcmdc it foims potassium xant/iate, 
which crystallises in bulliant yellow needles 

/OC 2 II fi 

CS 2 + KOC 3 II 6 = c s 

' N 'SIt 

Free xanthic acids , of the geneial foimula RO CS SII, aie vciy 
unstable The name is denved from then piopeity of giving yciioio 
precipitates of cupious xanthates with coppet salts 

Caibon disulphide finds a number of uses Owing to its gicat 
solvent power it is employed fot extracting sulphui from sulphui 01 es 
and coal gas purification lesidues, and fats and oils from seeds, bones 
and other matenals It is also the staiting mateual in the manufacluie 
of potassium xanthate (used foi destroying the vine louse), carbon 
tetrachloride, and cellulose xanthates (viscose, pp 318 and 321) 


Thiourea, thiot.arbamide , NH 2 CS NH 2| is formed fiom ammonium thiocyanate 
by an intramolecular change similar to the urea ti msfoim ition In this case, 
howevet, the reaction takes place less leadily (170° to 180°), and is also less complete, 
owing to the thiourea 1 everting to thiocyanate 


CSN NH 4 CS(NII s ) a 


Thiourea crystallises in rhombic prisms, m p 172°, and dissolves leadily 111 watei 
or hot alcohol, but only spanngly in ethei oi cold alcohol When boiled with acids 
or alkalis it decomposes into carbon dioxide, ammonia and hydiogtn sulphide 
CS(NH 2 ) 2 + 2 H 2 0 — C 0 2 -b 2 NH g -i- Oxides of silver, meicuiy ot lead remove 
hydiogen sulphide, even at the ordinary tempeiatuie, and yield cyanamidc 


CS(NH a ) NG» NII a hII a S 


Like urea, it is a tautomeric substance, 1 


formulae NH* 



y NH a 
or HN C<f 

NSH 


and may lead according 


to either of the 


1 Werner, / C S y 1912, loa, 1167, 19S2, 2n6, 3iSo 
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XX 

Uieides and Pm me Denvativcs 1 


Dibasic acids unite with uiea m the same mannci as with ammonia, 
to foim compounds of the amide type When one caiboxyl gioup alone 
cnteis into icaction, with loss of one molecule of watei,tlie icsulling 
compounds aic known as vuieiclo-aoicls If both caiboxyl gioups take 
pait, with elimination of two molecules of watei, theic aie foimcd cyclic 
denvativcs of mca known as uveiclGS 2 Of these two gioups, the uieides 
ate the mote impoitant, as the}' aie closely i elated to a numbci of 
complex pioditcls, such as mic acid, which occui in animal and 
vegetable oigamstm as a tesult of pioletn decomposition hiom the 
typical uieides, oxalyl uiea and malonyl mca, can be denved all the 
mcmbeis of the unc acid gioup 


.NII—CO 

CO 

NniI-~CO 

Oxalvl ure i 
or parubamc nail 




( O C II. 

\ I 

N NII—CO 

Malonyl urea 
orbirbiliuic tut] 


Malonyl uiea is of special intoiesL, as lL was fiom one of its simple 
denvativcs, pseudo-une acid, that Fisehei succeeded m synthesising 
mic acid itself Othei denvativcs of malonyl uiea aie dialutic acid 
(hydtoxy-malonyl uiea), alloxan (dihydioxy-compound), vtoluuc acid 
(nitioso compound), dililuiic aud (mho compound), and uianml (anuno- 
com pound) 

(T-Dletliyl barbituric aolcl, veional, was isolated in 1882 by Com ad 
and Guth/eit, by the action of ethyl iodide on the silvei salt of 
baibitu 11c acid It was not until 1903 that Pischci and Mchiing 
showed that it was an excellent hypnotic Since then this substance, 
which is used m medicine undci the name of vcionai, Inis become of 
gieat intciest to the chemical and mqdical woild and has given use to 
an extensive scientific and patent Iileiatuie Vcionai can be picpaicd 
by condensing the eslei of dicthyl-malonic aud with uica 111 the 


1 F I'lschci, litt , 1899, 82 , 43s Aha 11 UiUersucIiimgon in dci Pmm Giujipc ” (Spnngoi, 
Holm, 1907) J Although thtso compounds ure cyclic, the ring systems no compn itrvely 
easily opened In iddillon, then properties ind methods of foimation no so closely ichited to 
thoso of open chain piodticls lint they ire more conveniently described at this stage than under 
the heading of heterocyclic compounds, where they piopcily belong 


y 
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presence of sodium ethylate, the sodium salt being- foimed according 

to the equation 

,COOC 2 H 6 

(C 2 H 5 ) 2 C< + 

\cooc 8 n 6 ii 8 n^ 

CO—Nil 


H t Nv 

)CO ! NaOC.II, 


= (C 9 H 6 )„C<^ )>CO I 3 C b II b 0 II 


CO—NNa 

Sodium salt of veronal 


Esteis of mono-alkylated malonic acids may also be condensed in the 
same mannei 

The uieides aie foi the most pait beautifully ayslallmc compounds 
whose chatacter as amides is shown by the fact that on piolongcd 
warming with dilute alkalis they take up two molecules of watei to 
yield a dibasic acid and uiea Uicido-acids occui as inteimediate 
products in this reaction 


NH 

/ 


CO 


CO 


\ 


NH—CO 

Oxalyl urea 


H„0 




NH„ COOH 

/ * 

CO 

NH—CO 

Oxalunc icid 


Nil, 


H a O 




-> CO 


/ 


\ 


NIIjj 

Uaa 


COOII 


coon 

Oxalic acid 


Uieides aie acidic in chaiaclei and foim salts m which the lmido 
hydiogen is replaced by metals 

Unc acid and other closely ielated compounds desenbed hcie aie 
teimed datteides, as they contain two uiea tesidues—Nil CO Nil — 
in the molecule All are derived fiom the same patent compound, 
which Fischer has named purine 

The structure of purine may be lepiesented by cilhet of the two 
following foi mulse 


N 


=CH 

I 1 o, 

HC* «C— 7 NH 


II 


s ill 

N-C 


\CH 8 


N=CII 


HC C 

II 


N, 


%CII 
Nil/ 


and we are theiefoie dealing with a case of tautomcnsm lccalhng that 
of the amidmes This peculiarity repeats itself in all those putinc 
derivatives in which no oxygen is piesent in the livc-membeied ung 
In the following pages, formuke of the type I will be adopted foi fice 
purine and all similar compounds 

Purine itself has been obtained fiom 268 tnchloio plume, which is desenbed 
later The latter was partially reduced to di lodopunne by treatment with hydnodic 
acid and phosphonium iodide at o°, 

C 5 HN 4 C1 3 +4HI = CgHgNjIa + 3 IICI +- a I 

and this on leduction with zinc dust and water gave purine It is a beautifully 

crystalline substance, m p 311 to 212°, which is readily soluble in watei and forms 
salts with both acids and bases 
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In ordei to build up a systematic nomenclatuie foi the numcious 
compounds of this class, Fischei numbered the atoms of the punne 
molecule as in the above formula and denoted the position of 
substituent gioups in the usual mannci Old-established names such 
as utic acid, xanthine, etc, ate, hovvevei, still in common use 

The following summa!y shows the close lclationship existing 
between a numbei of these compounds 


HN—CO 


HN 


O C 

I 


NH 


^CO 
NIK 

Uric icid, 

2 6 S-tnhydroxy-pimne 

IIN—CO 

I I /CH 

CO C—N< 

I II >CII 

CH, N—C—N^ 

I heobromme, 

3 7~dimcthyl~ 

2 6 diJiydioxy purmc 

HN—CO 


a 


IIN—CO 
CO C—NIT 


l 


IIN—C 


N > CI1 

Xanthine, 

2 fi-chliyi.il oxy-piirme 

CH„ N—CO 


CO C—Nil 


I 


i * 

C 


CII B N- 

1 hcophythne, 
i 3 -dimctliyl- 
2 G-th hydroxy-pun no 


> u 


IIN—CO 

I I 

lie C—NIK 

II II >H 

N—C-N^ 

Ilypoxmthinc, 

6 hydroxy-pui inc 

CII B N—CO 


CO C 


Cl I, N- 


H,N C C 

1 


Nil 


N 


N> C " 


C 

Gnffoine, 

t 3 7~tn methyl- 
2 6-di hydroxy-pur me 

N—-C Nil. 

{ 

llv 

XPTT 

N^ 


N< CI10 

N > CI1 


IIC C—Nil 


Gimmne, 

2-nmtno 6 hydioxy pm me 


N—C- 

Adunnc, 
6-imino pin me 


Urio aoid, z 6 H hihfdioxy-Jmii >/<, Cj.IIjNjO,, was discovcicd in 
1776 by Schcclc in uunaiy calculi and 111 human mine Latci it was 
found by Foucioy and Vaucjuclin m the cxciemcnt of buds, and m 
parliculaily laigc ciuantilics (25 pci cent of the total weight) in the 
guano of the South Sea Islands It is also picscnt in the cxciemcnt 
of snakes 

The laltci somccs consist chiefly of ammonium urate and may be 
used foi the ptepatalion of Lhc acid Unc acid is a while ciystalhnc 
powdei, veiy spatingly soluble in hot walci, and piactically insoluble 
in cold As a weak dibasic acid it founs two senes of salts, which aic 
almost all difficultly soluble In gouty patients, unc acid sopaintes 
out m the joints in the foim of spaiingly soluble acid salts Walci 
containing lithium salts 01 pipeia/inc woio fonncily employed as a 
lcmcdy, on account of the highci solubility of the uiatcs of lithium 
and pipeline 

Reactions of Uitc Acid —Unc acid leadily undeigoes oxidation, 
undei most conditions the elements of walci aic also taken up, with 
the elimination of fiisl one uica lcsiduc and finally the second 
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i By modes ate oxidation with nituc acid, unc acid yields mea and 
alloian j consequently the atomic fiamewoik of the latlci compound 
must be present in unc acid The constitution of alloxan as mesoxalyl 
mea follows fiom its decomposition with alkalis 

CO—NH COOH NII> 

'I i I 

CO CO +2H s O = CO + CO 

III I 

CO—NH COOII NII 2 

Alloxan Mesoxahc acid Urea 


By more energetic tieatment with nituc acid, the alloxan fiist pioduccd is 
converted into paiabamc acid or oxalyl mea (see p 33?), togethci with carbon 
dioxide and ammonia 

With reducing agents alloxan yields alloxantin, which, with ammonia, gives 
mmextde y the ammonium salt of purpuric acid Muiexicle crystallises 111 gieenish 
gold pi isms and dissolves m water to a puipie solution It may he used foi the 
identification of unc acid and mates, since alloxantin is also formed ducctly fiom 
unc acid by evapontion with dilute nitric acid 

The mure ride test is earned out by adding a little dilute nituc acid to a few 
crystals of unc acid and caiefully evaporating to diyness The red lcsiclue becomes 
purple on the addition of ammonia, and blue with caustir soda 


CO 

HO C 

o-c 

/\ 

/\ 


OC CO 

OC CO 

HO C CO 

1 I 

HN NIT 

1 1 

HN NH 

j 1 

HN NH 

X 

\/ 

CO 

\/ 

CO 

Alloxan 

Alloxantin 1 


CO N CO 
HN C C Nil 

1 1 11 L 

OC C C CO 

Nil O Nil 
ONII, 

Murexidc (?) 


2 The oxidation of unc acid with alkaline pcimanganalc leads 
through several intermediate pioducts to the foimation of allaatout^ 
so that the five membered ling of this compound must also be 
contained 111 unc acid The foimulation of allantoin as a uieidc of 
glyoxaltc acid, having the structure 


HJST CO NH—HC 


OC 


NH 

Nco 

NH 


Allantoin 


is based on its synthesis fiom glyoxalic acid and mea at roo° 

The leactions quoted under i and 2 confiim the above foimula foi 
unc acid, which was first put forwaid by Medicus on geneial giounds. 


Btr ° ' S J"; S88 - 2 ? q * or . objections ng^n.t the nbove fo.muh, see Mohlan, 

’ ’ g ° 4 ' 87, 2626 ’ dimmer and St.eghtz, Am C /, 1904, SI, 661 « A lUmtom, mn 

th V ; t rT ln , he T ne ' especnlly , 0f carmvoro,ls ind is widely distributed in 

A ™f“ b e kingdom In many animals it is eliminated m the mine ns the end product of 
nitrogen metabolism, thus playing a similai rile to uric acid m the human organism It 
crystallises in prisms which are sparingly soluble in cold water k 
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and later established by E Fischci 1 by lus investigations on the 
methyl denvatives of line acid and by synthesis Befote descnbmg 
the synthesis of unc acid, the bchavioui of the compound towauls 
phosphoius oxychlonde may be noted With this substance it icacts 
in the tautoineuc foim (I), being conveited fust into 2 6-dichloio-8- 
hydroxy-purine (II ), and finally into 2 6 S lnchloio-puime (III ) 

I N====C 011 II N===C Cl 


IIO C 
N 


C—Nil 

\c on 

C—N 


Cl C 
N 


C—NH 

\c on 

■C—N 



N 

I 


C Cl 


Cl c 


C—Nil 


p ' 

N 


i p 

C 


N 


C Cl 


These chloi0-compounds, and paiticulaily 2 C 8-ti ichloi o-punne, aie 
of gteat mipoilance foi the synthesis of othei puimc dcnvativcs fiom 
the compaiativcly cheap unc acid The chlounc atoms aie vciy 
leactive, and can loadily be exchanged foi the gioups C 2 II e O—, 
IIO—, IIS—, II a N—, I—, and also in pait by hydiogen® In this 
way it is possible to obtain a huge vanely of dcnvativcs in addiLion 
to nalu i ally occuning pioducls Synthesis has fai out shipped naluic 
in this lcspecl In place of the fciv naluially ocemnng putinc 
dcnvativcs known at the beginning of these leseatchcs, theic now 
stand about 150 synthetic pioducls, and hischci’s methods, accoidmg 
to his own estimate, would pi educe without difficulty twice oi llmcc 
this numbei Physiology and medical piactice have denved gicat 
benefit fiom these investigations Owing to then medicinal value, 
caffeine, theobionline, and theophylline aie now piepaied indusliially by 
Fischci’s method, fiom the unc acid of guano 


The elect) olytu / eduction of ut ic acid pi occeds accoidmg to the equation 
C 6 II 1 0 8 N 4 -{-6ni=C c ri B 0 3 N i + lI ;! 0 ) yielding a pioducl known as pmone % 

CO Nil-CII a 


NII 


CO 


Nil 


C—Nil 

Nco 

C—Nil 




CO 


Cll 


NII 


Unc icid 

1 E Fischci, Ann , ^43 

S 4 > 261, 11SI 


-CII 

Purone 


Nil 

Nco 

Nil 


9 I* Fischer, Bo , 1899, S3, 445 ** Tafel, Bet , iqoi, 
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Acidity of the Hydiogen Atoms m Unc Acid —It has been 
established 1 that the hydrogen atom m position 3 is the most stiongly 
acidic Its leplacement by metals leads to the foim.ition of acid salts 
The atom in position 9 is next in acidic sticngth, and ncuLial mates 

are formed by leplacement of these two atoms 

Synthesis of Unc Acid —1 The fiist decisive synthesis of uuc acid 
was accomplished in 1889 by Belli end and R 00 sen, 2 111 the following 

stages 


co 8 c a H B 

NH— 

—CO Nil- 

| j 

—CO 

NII- 

i 

—CO 

P 

L, 22s*. 

CO 

1 hno 3 1 

CH -> CO 

1 , - 

C N0 2 - 

—C C0 2 II 

~C0, I 
— >- t 0 

O 

i 

— 0 = 

CO ch 8 

| 

NH— 

—C CH g Nil- 

Nil - 

11 

—Cl I 

m 


Acetoacetic ester Methyl-uracil Nitro uracihc uni Nitio uruil 



Reduction 


NH— 

-CO 

NH— 

—CO 

I Br 

Nil— 

—CO 

1 CO(NII 

CO - > 

Nil 

CO 

c— nh 2 - 
1 

->C0 

C Oil 

CO 

1 

CO 

1 

NH— 

1 

—CH 

NH— 

—CH 

NH— 

CII(OH) 

NIL 


Amm&"Uracil 


Isobar bituric icid Isodmluric acid 

(hydroxy-uracil) 


— CO 
C—Nil 

II >CO 

-C—Nil 

Due acid 


2 The next and simplest synthesis of unc acid was earned out by 
Fischer and Ach in 1895 3 This depends on the lemoval of the 
elements of water flora pseudo-unc acid by fusion with oxalic acid, 01 
mote conveniently by boiling with stiong hydiochlouc acid Pseudo- 
unc acid was prepared fiom malomc acid in the following mannei 


CO a H 


ch 2 

I 

co 2 h 

Malomc 

acid 


Nil—CO 

Urea 

->- 

and 

POCI a 

Malonj 1 urea 
or barbituric acid 


CO CH 


NH—CO 


HNO 


a 


> 


a 


NH—CO 
CO i NOII 
NH—io 


Violunc 

acid 



Potassium 

pseudourate 


HCl 
-> 


NH—CO 

CO CH NH CO NH 2 —¥ 


NH—CO 

Pseudo uric acid 


NIT—CO 
CO CI1 Nil, 

I J 

Nil—CO 

Ammo mulonyl mca 
or ui lmii 


boiling 

uj KCNO 


Nil—CO 

1 1 

CO C—Nil 

I II >C 0 

Nil—C—Nil 

Uric add 


As violunc acid is the oxime of alloxan, this synthesis pci nuts 
the reconstruction of the uric acid molecule fiom its chief oxidation 
product, alloxan Further, by starting fiom methyl alloxan and 
dimethyl alloxan there can be obtained methyl pseudo-uiic acids, ftom 
which it is possible to prepai e methylated ui ic acids 

1 Biltz and Herrmann, Btr , 1921, 64 ,1676 a Am ,, 1889, 261 , 235 » Bn , 1895,28,2 1 73 
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3 A synthesis of geneial application and hence of gicat piepaiative 
value is that clue to liaube It makes use of cyanacctyl mca, 1 foimcd 
by condensing cyanacelic acid with ui ca 


NH-CO 

Nil— 

—CO 

Nil 

1 NaOII 

CO ch 2 ->■ 

CO 

CPI 

II 

—C Nil, 

iino u 

-CO 

NH„ CN 

| 

NH- 

NPI 

Cyanacctyl ure 1 

4- Ammo ur icil 



CO 

I Reduction 

C NO ->* 

c nh 3 


N PI-CO 

I 

Nil 

-CO 


t 

Cl COM 1 


Heated to 

CO C Nil, 

-■> CO 

C NIICOoEt 

1 

- y Unc aud 

1 II 

1 

l8o TQO 

NH-C NH a 

4 5-Diammo-uricil 

Nil 

4 

C Nllg 

Urethane of 

5 diammo-urncil 



By utilising the alkyl dciivativcs of uiea this synthesis may be 
employed foi the picpaiation of alkylated unc acids 

A compound vciy closely 1 elated to tuic acid is xanthine, 01 
2 6 chhytho\y-puime (lounula p 339), which may be obtained syn¬ 
thetically by Fischci's 2 method fiom 2 6 8-Uichlot o-pui inc, oi 
by Tiaubc’s method, J fiom cyanacelyl-uiea Tiichloio-puiinc on 
ticatracnt with sodium ethoxide is convcilcd into 2 G-diethoxy-8- 
chloio-puuiic, and this with hycl 1 iodic acid yields xanthine, the ethoxy 
gioups undcigoing hycholysis and chlounc being leplaced by hyehogen 
Xanthine is a 1101 mal constituent of many animal tissues It is an 
amoiphous powdci which is vuy spaungly soluble in watci On 
clccttolytic 1 eduction it yields daoxy-uxnthme , l 

CJI^Nt Hit - C r) II 0 ON, I lip 

The most impoilani of the five nalmaJly occuiiing methyl 
dciivativcs 6 of xanthine is oaffeino, 1 3 J-lnnitthyl-2 6 dihydi0ly- 
pniine (foimula p 339) 

It occms 111 the leaves and beans of the coffee tiee (12 pci cent), in tea 
(2 to 4 pci cent), md in kola nuts (3 pci cent) It also occms in small amount in 

] W limbo, lid , 1900, 88, 3035 J Bo , 189/,80, 2335 , Bey 1 1600» 881 l 1 "’ 8 " Bo , 

1900, 83, 3035 , Ann , igof, 831, fi{ hoi the piepnation of xanthine, sec II IhU/ and A Beck, 
J prahi them t 1928, [a], 118, 166 1 1 afel md Ath, Bet , lyoi, 81, nfig 0 Substituent 

methyl groups excit i vciy coniulu iblc influence on the properties of purine derivUucs In 
gcnenl, the entnnee of methyl gioups increases the bolubillty in wtlci and lowei» the melting- 
point Tina is well illusiriicd by tho diffeiencca in solubility shown by xanthine, theobromine 
and ciffeinc l urthcr, the volatility (ewe of subltmUion) ia also nuteased by methylition 
Afcthyl derivatives usually cryatilhsc belter than the puent compounds, and nre therefore 
sonietiniefl of v^ltic m identifying the litter I he tnnfiformation of pseudo mic 'icid into uric 
acid is effected mote readily with the methyl dciivativcs, and ifl specially promoted by tho Intro 
duction of 1 methyl group into the 7 position Mmlly, the fission of the purine miclctia is 
influenced to a marked degree by methylniion, and tukca pheo far more rcadtly m the case of 
those derivatives in which the acidic hydtogen Jias been tot illy replaced by alkyl groups 
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cocoa It crystallises in silky needles containing i molecule of watei, winch is partly 
lost in an at ordinary lempeiatures tnd completely dnven off at 100" Cnffcinc 
melts at 234 5", and on electiolytic leduction is conveited into desoxy caffeine 1 

Caffeine is the component of tea and coffee responsible fot the 
stimulating action of these beveiages on the net vet. and heall F01 

this reason it is employed in medicine 

Onginally the bulk of the caffeine used was piepaicd fiom tea dust 

Nowadays it is prepared by othei methods, eg fiom line acid 

Caffeine fiom Uric Acid —When uuc acid is shaken in aqueous 
alkaline solution with methyl iodide, its four hydiogen atoms me 
replaced by four methyl gioups, with the production of tetia methyl 
uuc acid This on being heated with phosphoius oxychlouclc yields 
chloio-caffeme, in which reaction the methyl gioup in position 9 
becomes detached, and the oxygen in position 8 replaced by chloi me 
Finally the chloio-caffeine is reduced to caffeine 2 A11 industiial pio- 
cess for the manufacture of caffeine takes place in the following stages 
Uuc acid —8 methyl-xanthine —137 8 -tetiamelhyl-xanthine 
—>■ 1 3 7-trimethyl-8-trichloromethyl-xanthine —caffeine 

For a synthesis of ciffeine fiom cyanacetyl chloride and dimethyl 111 ea, sec 
W Tiaube, Bet , 1900, S3, 3035 , Ann , 1904, 381, 46 

A compound closely 1 elated to caffeine is theobromine, 3 j-dimet/iyl- 
2 6 -di hydroxy-punne (formula p 339), which occuis in cocoa (1 to 2 pei 
cent) It is a white crystalline powdci which sublimes unchanged 
at about 290° and is employed as a diuietic Its sliuctuic has been 
shown by synthesis fiom 3 7-dimethyl-utic acid 8 

Theophylline, I 3- dimethyl 6 dihydi oxy-pui me (fonnula p 339) is 
isomeric with thcobiommc and has been found in tea The anhydious 
compound melts at 264°, and 111 its diuietic action suipasses theobiomine 
It was the first xanthine derivative to be piepaicd aitificially, being 
obtained fiom 1 3-dimethyl-unc acid 1 The latlci compound on lical- 
ment with a mixtuie of phosphoius oxychloucle and pcnlachloridc gave 
chloi o-theophyllme, which was then 1 educed to theophylline On the 
technical scale it is prepaicd from symmetncal dimethyl uica and 
cyanacetic acid 6 Another induslual method of picpaialion is 
analogous to that indicated above foi caffeine, with the difference that 
8-trichloiomethyl-caffeine (1 3 7-tumethyl-8-tiichloiomethyl-xanthinc) 
is transformed by fuither chlorination into 1 3-dimethyl-7-chloi omcthyl- 

8-trichloromethyl-xanthme This on hydiolysis yields theophylline It 
is used as a diuietic 

Hypoxanthino, 01 sarkwe t 6 -hydioxy-pui me (fonnula p 339), is 
frequently found associated with xanthine in the animal otgauism, 
and is consequently piesent in extiact of muscle, spleen, and livei It 

1 Tifel and Baillie, Btr , 1899,82, 3206 a e Fischer, Be, , 1897, SO, 3010 3 I? Fischer, 

Be, , 1897, 80, 1839 ‘ Fischer and Ach, Be, , 1893, 23, 3135 0 W 1 raubo, Be, , 1900, 

88, 3041 
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is a ciyslallme powclei of basic cliaraclei, which decomposes at 150° 
It may be piepaicd fiom 2 6 8-liichloio-puiinc, 1 which on being 
heated with alkalis yields ( 5 -liydi ovy-2 8-dichloio-pmmc The lattci 
on i eduction with hydi iodic acid ib convcited into hypoxanthme It 
has also been synthesised fiom cyanacelic estei and thiouiea 2 in the 
following stages 
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{^Hydro^y-piumc 
(Ilypox mlhmc) 


Whcicas the hydioxy-puunes, hi it acid, hy/iouwthtne , and xanthine 
aicfoimcd 111 the animal oiganism as inLeimediate 01 final pioducts 
of metabolism with a view to subsequent elimination fiom the system, 
the following amino-pui incs guanine and itch nun, aie essential con¬ 
stituents of the lmpmtant niuleie acids and must be legalded as 
indispensable foi the life piocesses of the cell 

Guanine, 2 -a>mno- 0 ~/tydi 0 1 y-pm me (foimula p 339), occuis in the 
pancieas of eeitain animals and is piescnl m latgc amounts in guano 
It may be obtained fiom ( 3 -hydio\y -2 8-dichloio-puune (dichloio- 
hypoxanlhino) by heating with alcoholic ammonia, and teducing the 
chloio-guanmc so founed with hyduodic acid J , it is moie icaddy 
piepaicd fiom cyanacctie estei and guanidine 1 When tieated with 
nitious acid it is convcited into 3 ( 5 -dihjxItoxy-puime 01 xanthine' 

Adenine, 6 -amtno-/iui au (foiinula p 339 ), is loimod togcthci with 
xanthine, hypoxanthme, mid guanine when nut lent, the chief con¬ 
stituent of the cell nucleus, is boded with dilute acids It has been 
synthesised by the action of ammonia on luchloio-puime, and 
reduction of the 0-amino-3 8-dichloio-puiine thus obtained fi Like 
hypoxanthme, it may also be piepaicd fiom sulphui compounds, 

1 E Fischer, Bet , 1897, SO, aaalS fl W rrtubc, Ann, 1901, 881 , 67, 8 F Fischer, 

Bet, i8g7, 80 , 2351 1 W irnihc, Bu , 1900, 88, 1371 0 I 1 1*tocher, Bet , 1897, 80 , 3338 
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the stalling matenals in this case aie thiouiea and the uitnlc of 
cyanacetic acid When tieated with nitrous acid, adenine is convcilcd 
into 6-hydro^y-pui me oi hypoxanthine 

Recent investigations indicate thatthe colouimg nmttcis of buttci(lies’ wings are 
also to be classed as piuine denvatives Wieland proposes to name these pigments 
tepidoptmnes or pterins 

Xanthopteiine, 1 (C 0 H tt O a N,) 2l the yellow pigment of the lemon buttci fly, 
Gontpteryx rhaviiu-, was obtained fiom the ammonium salt as a yellow ainoiphous 
powder After punficatjon by way of the baiium salt it formed oiangc biown 

globular aggregates, probably of structure I 
Leukopteiine, 2 (CJIjOjN*), the pigment m the wings of the white buUeifly, was 

isolated from the sodium salt in almost colomless ciystals It bcais the same 
relationship to uric acid, CjH^Nj, as xanthoplenne does to xanthine It has been 
formulated as II 


I Nil—CO OG—Nil 


OC CH—N 

Nil—CH—Nil 



N—I1C GO 
Nil—lie—Nil 


II NH-CO 


CO—Nil 


OC G-NH 


NH-C-NII 


yC(OtI) C(OII)<^ 


Nil—C 


Nil—C' 


GO 

NIT 


1 H Wiehnd and C Schopf, Bti , 1925,681 2i?8 3 C Schopf md II Wielmd, Bt\ , 

1926, 69 ,2067 



PARI II 


Chemistiy of the Caibocyclic Compounds 


As already slated on p 18, compounds containing open chains aic 
classed as aliphatic, and those containing closed chains ot lings as 
cyclic The following section deals with those cyclic compounds in 
which the lings me built up enlitely of caibon atoms, and which aie 
theiefoie most conveniently gtouped undei the heading cmbocychc 1 
Included m this gioup aie ceitain hydiocaibons having the same 
composition, (C w H 2j) ), as the homologucs of ethylene, although possess¬ 
ing veiy diffeient piopcitics Ihese hydiocaibons aic leimed poly- 
methylenes, 01, accoidmg to the Geneva nomcnclatuie, ate named by 
piefixmg tydo to the names of the coucsponding noimal paiaffins 


CII a 

n a c^cri a 

1 1 imciliylcnc, 
Cyclopropane 

cit 9 -cii 3 —CII^ 


CII 2 —CIIj—CII, 

Ilexamcthyluic, 

Cyclohexane 


cn a ~cii 2 

I t 

CIIj— UI a 

Tctiftmethylcne, 
Cyt lolnu me 


Clio—C1I 

I 

uij-cn, 

Pcninmcthylcne 

Cyclopcnhne 


a ^)cn 


cii<j—cn 8 — cii 2 

CIIj—CIIj,—CII« 

11 optimally I cne, 
Cyelohcptam 



Some of these compounds give use to laige numbeis of dcuvativcs 
Offai gicatci mteiest than Ihcst hydiocaibons and then dcuvativcs 
is the Imge and impoitant class made up of the liuc aioinatic com¬ 
pounds, which aic 1 clattd to ben/cno, l 0 II 0 Bcfote discussing the 
laltci m detail, a bucf suivey of the olhci gioups will bo given 



Tii-, Telia-, Pcnla-, and Hcplamethylenc * 
Compounds and the Cyclo-olefincs 

The cyclopaiaffins may be picpaicd by lieating the couespondmg 
dibiomo-paialTinb with sodium ot /inc ( IVih/J) 

XII. Br XII a 

CII a < t aNa - CH 2 < | +aNaBr 

^CII^Bi x CII a 

f nmethylenc bromide I rimahylcnc 

1 llicso me sometimes culled homocycho 01 isoryclio compounds J nexamethylono md 
its derivatives arc tre ilcd in connection with the aiomatic compounda I*o» a more detailed 
description of cirbocycllc compounds reference should bo mado to W II Pcilcmi jun, Bu , 
rgoa, SB, aogt 

HI 



348 


CAItBOCYCLIC COMPOUNDS 


Mono- and dicaiboxyhc acids of tii-, tclia- and pcntaivu Lhylciic 
aie produced by the action of sodio-malonic cstci on ethylene, 
trimethylene and letramcthylene biomidcs icspcctivcly 



C(CO,C,II f ,)j 




CII CO,II 


Ketones of the cyclopaiaffins aie foimcd fiom the Ciiluum salts of 
certain highei dicarboxyhc acids of the fatty suios by diy distillation 
(P 272) 

Cyclobutene has been picpaicd by Willstattu by distilling the 
quaternary ammonium hydioxide of aminocyclobntaiu It boils at 
2 0 (729 mm) On 1 educing this compound catalytically with the 
aid of nickel at ioo°, puie cyclobulanc, b p 11’ to 12", was obtained 1 
If the leduction is earned out at the moie usual tompuatuie of 180’ 
to 200°, the cyclobutane is completely 1 educed to butane In the 
following table a suminaiy is given of the most impel hint physical 
constants of the polymelhylcnes so fai investigated 



Bp 

Cyclopropane 

Cyclo butane 

Cyclopen tape 

Cyclohexane 

Cycloheptane 

Cyclooctane 

Cyclononane 

approx -35* 

11° tO 12° 

49 ° 

8r° 

117 0 to 117 5° 
14S 3° to 148 s 

170° to 172 0 


Mp 


Mol Vol 
at 0 

- 127" 

_____ 


hq at -8o° 

0 7038 

79 06 

liq at - So 0 

07035 

91 OQ 

6 4 0 

0 71 ) 31 - 

10519 

— 

O 8352 

u8 00 

11 5" 

O 830 

13092 


0 785 

IS!) |fi 


Wlfltaolico 


I 203 
14 10 
12 Dl 

28 54 




For pieparation of cyclopropane in llie pure state, sec M Timtl/ utd K Wmklci, f fit till 
Ckem , 1922,104, 37 

Among diketones of the cyclobutane senes, containing kclomc 
oxygen attached to a caibon atom in the nng, the fiist lepicscntative 

CO Cl II 

CH 3 \^/ I / C1I » 

ch/i / C <c H „ h 

H Cl CO 

2 Mols isobxityryl chloride 

. cn *\ c ™ •' ciia 

~ cn / CO 

2244 1 etr'imelhyl 
eyclobutan dione 1 3 

1 WillslaUcr and Bruce, Bet , 1907, 40, 3979 
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to be prepaied was dilccto-tetiamcthyl-cyclobulanc This was obtained 
by the action of tuelhylamme on lsobutyiyl chlondc 1 

Substituted acetones condense icadily with oxalic cstci, two 
molecules of alcohol being eliminated and cyclopentane - ti tones 8 
fanned 


CII, CII 0 CpH^O CO 
CO t j 

CII, cn„ CJI r> 0 CO 

Diethyl O'xilu 

ketone csl< r 


oil, 

CII— 

—CO 
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2 c 2 ii 5 on 1 

co 



O 

(—1 

3 

CII- 

—CO 


Dimethyl ryclopuii'inc- 
tiione 


Up to the piesent it has not been found possible to cany out this 
leaction with acetone itself 

II was obsetved by Zelinsky 11 that when I-methyl-3-cyclopcntanone 
is led ovei nickel at 250° ll is convened into methyl cyclopenlanc, 
bp 72° to 73 2° I his is .1 vciy convenient method for the piepaiation 
of the compound Ileic, notwithstanding the compaialively high 
tempeiaUuc and the piescncc of nickel as catalyst, no dehycliogcnation 
of the pcnlamelhylcne hydi ocai bon takes place, and this appeals to be 
a chaiactenstic distinction between the five- and six-mcmbeied lings 

In spile of the similanly in sttucLuie between the cyclo-paiaffins 
and then deiivaUvcs and tiue aiomatic compounds, these two senes 
show vciy constdctable difleicnecs in chemical bchavioui, the foimci 
appioximating in piopcities to the aliphatic senes Following a 
suggestion of Bambcigei, those compounds combining the aiomatic 
ling sUneluie with the chaiacUi of aliphatic substances aic sometimes 
known as aliphatic-cyclic ot alnytht compounds 

On examining the physical piopcities of satinated compounds 
containing closed chains, it is seen that these possess higher boiling- 
points and highoi specific giavities than the isomcnc unsalmalcd 
aliphatic compounds, and also than the salinated aliphatic compounds 
containing an additional two atoms of hydiogen Hits may be 
lllustiatcd by the following figuics cyclohexane, C’ 0 II 12 , bp 8i°, 
//-hexane, CJIn, bp 69°, //-hexylene-1, C a II ln , bp 68" Gonsidciable 
diffcienccs aic also visible on compaimg the magnetic lolalion of 
satuialed ung compounds with that of the conesponding unsatuialcd 
compounds having open chains lhus the magnetic lolalion of 
hcxamtlhylene, Col^y, is 5 664, and that of hexylene 01 mcthylpiopyl- 
ethylene, C 0 II U is 7 /f 73 


The Relative Stability and Rase of Po>motion oj Ring Compounds 

(Bcieyet’s Stiain Ihcoiy) 

A sinking point which oincigcs fiom a closei examination of the 
above-mentioned ung systems is the chffcience in their stability and in 

1 Wedekind, Be) , igof), 8D, 1631 t xon, 44, 3285 I ot the form it ion and rupture of four 
membered riners see also Mmulmpfci, Bet , 1911,41, 521 J CJufocn and I f wun, Ann , 1894, 
S84, 3J.7, Dicla, Bn , 1906, 89, 1328 1 /ehnaky, Bet , XQIx r 44, 2781 , 1926, 60, 3580 
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the lelative ease with which they aie fanned Iku yu explained this 
m his “ stiain theoiy” as follows — 

According to the fundamental hypothesis of stc u oclu niislty, the 
foui affinities of a caibon atom act in the dncctum of lines which may 
be imagined to be diawn fiom the cential point ol a tc ti.ilu dion to its 
summits, and thus make an angle of 109° 28' with oath oth< 1 If, how¬ 
ever, carbon atoms unite togcthci to foim a closed chain these affinities 
become divetted fiom then natmal direction*!, and a stiam is stl up 
which may be mcasuied by the angle of displacement As may easily 
be seen, this tension is least in the fivc-mtmboicrl ling Rings 
possessing a smallei 01 gicatci nuinbu of caibon »itoins than the 
pentamethylene ling aie undci gicatci tension than the latte i I he 
magnitude of the tension in any individual ease is 1 caddy calculated 
In the tnmethylenc ling, foi example, the cat bon atoms may be 
imagined to be at the coineis of an cquilatcial tnangU , the bunds 
joining them thus enclose angles of 6o° Ihc distoition of each bond 
is therefote ^ (109° 28' —6o°) = 24 0 44' ihc following summaty gives 

the values foi the distoition in the foimation o( diffcunt poIjincthykiK 
rings 

(Doulleboncl) In- Kim- Pent i- lltxi Ihpli- 

+ 54 ° 44 ' i 2 4 44 " 4 9 34 # I 0 44 # ^ 9 iV 

Fiom these figuies it follows that the pcnlanu thyli no ting is un<l( 1 

the least stiain and should thctcfoic be the most slabk In the 

lemaming systems, on the othei hand, the valency bonds tend, in 

varying degice, to assume then original positions in space .tnrl tlieiefou 

to open up the ling In the case of the above lings those thooielical 

deductions have been laigely confiimcd by expcMimonl In olhyluu 

the stiam is greatest, and hence the lenckncy to foim addition 

compounds with the simultaneous opening of the nng is at its highest 

This shows itself in the cxtiaoichnaiy speed with which ethylene adds 

on chlorine, biomine, 01 hydiobiomic acid Uhc distoition is fai loss 

in the case of tnmethylenc, and consequently the opening of the ling 

by addition of bromine 01 hydiobiomic acid is effected much less 

leadily than in the case of ethylene The tc Uamcthylone nng, again, 

is moie stable than the tnmethylcne ling, as is 1 caddy seen on com- 

paung ceitain denvatives of these two hydiocaibons 1 iimcthylene 

cai boxy lie acid, foi example, is easily attacked by hydiobiomic acid, 

wheieas tetiamethylene caiboxyhc acid undci the same conditions 

is scarcely affected Finally, pentamethylene and hcxamelhylciu 

caiboxyhc acids aie unchanged even on piolougcd boiling with 
hydrobiomic acid 

Fuither confirmation of the validity of the stiain theory is also 

found in the heats of combustion of compounds containing salinated 

4"» 5- and 6-carbon rings 1 

1 J P* G& t 1892, [aj, 45 , 489 See, howcvei, Ingokl,y C 1921, 110 , 305 
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An inletcsting development of steieochemical thcoiy may often be obseived in the 
pioputies of a homologous senes, / e of i senes of compounds containing a Rowing 
iltam When the littei contains 5 01 6 caibon atoms (or 10, ir, etc) the piopciUes 
of the conesponding compounds often devute from those of the pteccdtng and 
succeeding mcmbeis of the senes I Ins is due to the ftet that a chain of this 
length will tend to letutn on itself, thus subjecting 1 giotip in the neighborhood of 
atom 1 to an abnoimal influence Such abnoinyihties have been noted in connection 
with optical ncliuty (Ftankhnd, Picktid and Kenyon), acid sticnglh and venous 
othei propei tics Ih xyl i*,w}itnol (capiokol), fot example, his been found to be the 
most effective internal antiseptic out of a mimbei of homologous dctivUtves 
(see p 418) 

As has tcccntly been shown by Ru/icka, the conclitions may be 
quite othei wise in the case of lings containing a laige numbei of 
caibon atoms Although not tcadily picpaicd, such compounds 
possess a high degtee of stability, and U appeals that, by vnluc of 
its magnitude, the ling is able to ciumplc up 01 twist itself into 
positions in which theic is little ot no disloition of the raibon bonds 
and hence no stiain Nairn ally occunmg substances of this t) pc 
aic the stiongly odoious ketones muuone and aveto?tc t having 15 and 
17 mcmbcicd lings icspectivcly (sec p 35s) 1 


OYOLO-OHSFINBS 

The cyclo olefines beat tlie sime lchitionslup to the ryclopaiaffins as the olefines 
to the paiatfins 

CH -Clk 

Oyolopentartieno, I >011is a colouile&s liqunl, bp 41 0 , which ts 

CII- CIl/ 

obtained m the fust ninnmgs of the ciutle ben/eno fiom coni tat It icadily 
polymerises, and at tompnniuics up to k>o° yields < luefiy dtcyclopuii ulicne, CiqII J 3 
Above this, ^ fit 135 0 , polycydopcnt idicnes aie also foirncd 

In cyclopcntadicnc the two hydiogtn atoms of the CII3 gioup me very leaclivo, 
owing to the pioximity of tlie two double bonds, mu of them, foi example, may 
bo leplaced by potassium 1 uilhoi, undet the influence of sodium liydi oxide 01 
ethoxido, cyclopcnudicne condenses with aldehydes and ketones, the CII 3 gioup 
of thcfoimci leading with the C 0 gioup of the lallci with elimination of watei 
The lesulting condensation pioducts, of which that with m clone possesses the 
stiuctme II, have an intense mango to bloodied colotu,und nuybe lcptesented 
as subbtitution pioducts of an iboinuidoof benzene hiving the fonmila I Ihiele 
calls this unknown liydi oral bon tulvone 

I CIl^CIK II UI “CIK /Clh 

>0 UI 0 >C C< 

CIK-GIl/ OlkCIl/ \CII 3 

luil vorm Ulmothyl hdvouo 

riicfulvenes piovido an inlet csting illustration of the mmnci m which the coloui 
of an oiginie compound is influenced by the picsencc and nnangemont of double 
bonds within the molecule a 

1 Rtmtka, IUh chtnu Ufa , 1926, 0, 339 


J See dso AW , 1900, 88, 668 
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CII CII CIIv 

Cyclolieptati'ione, tropihdenc^ || yC .1I„, i l > a d eg i ad at ton 

CII CM GIF 


product of the alkaloids cocaine and ati opine, and can be picpaicd 
from suberone 1 It is a liquid, bp ii 6°, which smells of leeks 


Oyolo ootadlene 

(0 

has been 

obtained 

i>y 

the t xhaustive 

methylation (see p 
m pomegranate 

647) 

of pseudo pclletiuinc,' 

’ an 

alkaloid found 

I CH S - 

CH a 

-CH S - 

-CH 

CII 

II CII - 

CII, 

{ II- 

T’ 

< n, 

civ- 

-cn- 

= CII 

(II, 

CIL 



It boils at 39 5 0 undei 165 mm piessuie, and possesses a pcnctialing 
and nauseous smell It polymeuses vciy icadily (explosively on 
heating) to yield dicyclo octadiene When the dihychobiomule of 
cyclo octadiene is heated with alkalis 01 quinolint, hydiobionuc acid 
is lemoved and anolhei unsaluiatcd hydiocaibon of the foiinula C’ s llj, 
is produced This boils at 143^ to 144 0 , and peihaps cm 1 os ponds to 
formula II Whereas compound I is highly unstable and loathly 
polymeuses, the isomenc compound II is vciy stable Iho laltci is 
easily 1 educed to cyclo octane by the Sabatiei and Sendei ens nu thud 


Oyolo ootanone is an example of a cyclo octane clenvaUvo It is formed m small 

amounts (5 per cent ) when the calcium salt of azcHic acid ts distilled Aumdmg 

to Ruzicha, 3 yields of 25 pei cent may be obt lined by distilling Iho tlunium bait 

Oyolo nonanone is obtained 111 small yield by the diy distill it ion of thotium 

sebacate It boils at 95 0 to 97° under a picssurc of 17 to 18 mm When icdiucd tn 

boiling alcoholic solution with metallic sodium it yields cyclo nonane (See table 
on p 34B) ' 

Monocyclic ketones containing 16, 18 and 30 caibon atoms lcspcctivcly in the 
ling have also been synthesised 1 


Natuially occurring compounds of this type me the powerfully odotous ketones 
muse one (fiom the musk deei) and oivotone (fiom the civet cat) Mubcoiio, 
MoH Sfl O, is a satmated optically active liquid, which has been shown by Ru/icU 
to contain a 15 membered ring Oivotono, C !7 II 30 O, melts at 31 0 It is a 

CII (CII 

symmetncil unsnturated ketone of the foinuila |j ' ^ 7 \cO, which yieldb 

azelaic acid on oxidation 


K.UJ 3 JBJUH, 


Rubber is obtained from the sap of a numbei of Lees belonging to 
the Apocynacea , Moiacecu, and Euphoibiaccce families These «ue found 
m tropical countiles, paiticularly in South Amcnca, Afiica and the 

J V yf ldtt -' An " 119011 8117 ' zo -» 8 Willstatter and Vengulh, Bet , 1907,40, 95 7 WillstUUcr 
» za/,, T.? r ' e J) I » II i ^ 0r c y cl ° octadiene, see also Dobnci, Bet , 1907, 40 , ij.6 

of Rubber ”Lv B D n ^ Vffi ** *** ^ ^ C/WH Aci<1 ' !938 > U < I 96 6 St0 Enmity 
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East Inches A veiy valuable lubbei lice is the Incus elastica The 
baik of the tiee is “lapped 11 iby making a small incision ancl the 
milky late i which oo/cs out is collected in pans I he latex is next 
polymci tsed, e & by subjecting it to the action of smoke, to give ciude 
tubbei This is fieed fiom admixed sand, baik and olhei nnpuulics 
by boiling with walei, when the mass becomes plastic It is then 
kneaded between waim lolleis until homogeneous, and finally ioiled 
out into sheets The pioduct so obtained consists essentially of 
oaoutehouo, the hychocaibon constituent of inbbei It is insoluble 
in watei, dilute acids and alkalis, but soluble in benzene, caibon 
disulphide and chloiofotm On chy distillation it yields isopicne 
(p 115) With N/D, the vatlous foims of caoutchouc aic geneially 
conveiled quantitatively into a mtiosite of the composition 
(C^NA), * l lcaclloJ1 which may be used technically foi the 
quantitative estimation 1 of nibbei in lubbei goods 

Caoutchouc is rcmaikublc foi its gicat elasticity, but it giadually 
loses this valuable piopeity with use of lempcialuie and when cooled 
becomes haid This defect may be pailly oveicome by lieating the 
nibbei with sulphui ( vulcanisation ), which also incicases its icsistanec 
to chemical icagents In this piocess the caoutchouc is heated with 
sulphui to 140" 01 tieatcd with a mixtmc of caibon disulphide and 
sulphui chlonde In the fonnci ease " fillets” and pigments such as 
antimony sulphide and /me sulphide may also be added When a 
huger piopoilion (25 to 40 pet cent) of sulphui is employed, ebonite 01 
haid lubbei is obtained 

Distillation of Oaoutohouo When subjected to dty distillation 
lubbei decomposes to give a nuxtuie of pioduets, the moie volatile 
of which boil as low as 25°, whilst olhcis lange .tbove 300“ Of these 
pioduets only two fiactions havi been eatofully mvestigated, namely 
those boiling at 30° to 40" and i( 3 o" to 170' icspectively In the iattei 
fiaclion is found dipeniene (Wallach), and in the foimci tsopiene, 
dimclhyl-allene and dthydi o~tsopi cue I his pioblcm has been veiy 
hugely cleaied up by the woik of Ipatieff, who also showed that isopicne 
could only be piejMied m the puie slate liy mdnect methods The 
constitution of isopicne has been established by the syntheses of Eulei 
and Ipatieff Ilames found th.it fiom 1500 gms of good caoutchouc 
only 35 gms ol isopicne boiling at 33 0 to could be obtained 

Synthesis or Oaoutoliouo — I ho fust leal synthesis of caoutchouc 
is due to lilden in 1892, who discovoted that a sample of isopicne, 
picpaied by healing dipenteno, had m the com sc of tune polymeiised 
into nibbei I he technical application of this polymci isation was 
discovcied independently liy Matthews B and Ilames 1 m 1910 

1 Ilames, litt , 1901, 84 , 2991 , 1902, 86, 3agG, 4429, 1903, 80 , 1937 , I 9 °S» $7 

11 R Willat'tltei, Ha , 1911, 44 , 3|23 ® Seo I’ukut, /SC /, 1913, 81 , 616, fatnngc 

ami Gnliant, I ng Pnt 21790,1910 1 Ilarrits,,!//«, 1911, 088 , 184 
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The best lesults aie obtained by the use of puie isopiene, which 
on waiming fot about so houis to 6o° with sodium wnc in a sealed 
tube is piaclically quantitatively converted into a solid lubbci 
Hames showed that the polymei isation could also be effected, 
though less satisfactory, by heating isopiene with glacial acetic acid 
to a temperatuie above ioo° m a sealed tube 

By the above method it is possible to con veil many hydio- 
caibons containing conjugated double bonds into lubbci -like pioducLs 
Industrial methods of piepatmg isopiene and analogous hydiocaibons 
therefoie possess a very gieat mteiest. The manufactuic of caoutchouc 
fiom acetone and aluminium as slatting materials may be earned 
thiough in the following manner 

When acetone is treated in waim ben/enc solution with vciy thin 
aluminium foil, a compound of aluminium and pinacol is foimcd 
togethei with a small amount of isopiopyl alcohol, which is isolated 
during the lecoveiy of unchanged acetone The compound is 
decomposed by waim aqueous alkali to give pinacol and aluminium 
hydroxide, aftei which the pinacol is isolated by fiactionation and 
puufied by ciystalhsation fiom watci and icdistillation It is then 
heated with a catalyst {eg Al 2 O s at 400°), when it decomposes into 
dtmethyl-bttiadiene, pinacolone and watci The dimethyl-butadiene 
is separated from admixed pioducts by fiactional distillation, and is 
conveited by poly mei isation at model ate temperatuics into methyl- 
caoutchouc H, or at highei tempeiatures into methyl caoutchouc W 
These two vaneties aie then fuithei woiked up m a lubbci factoiy 
Like the natuial product, the methyl-caoutchoucs can be mixed with 
sulphur and fillings and vulcanised foi the pioduction of lubbei goods 

II 2 C CII a 

(CH fl ) 2 CO -->* (CII B ) a C(OII) C(OH)(CII a ) 2 —CII 8 C^-C OII 8 (C ;3 II ao ), 

Acetone Pmacol Dimethyl- MlIIi)1- 

butadiene caoutchouc 

Constitution of Caoutchouc—Caoutchouc is a hydiocaibon of the 
empnical foimula C e H s It is optically inactive and piobably does 
not contain an asymmetric caibcm atom Pummel ci and co-woikcis 1 
have attempted to determine the moleculai weight m menthol and in 
camphor solution, using the ctyoscopic method Then lesults indicate 

whete n— 16 to 24 On biomination the so-called teliabiomidc 
of the foimula C 10 H 1Q Bi 4 is produced This suggests that thet e is one 
ethylemc linkage for eveiy C e H g 111 the molecule, a suggestion also 
borne out by the foimation of an ozomde of the foimula when 

ozone is passed mto a chlorofoim solution of the hydiocaibon The 
ozomde is readily soluble, and when boiled with watci is decomposed 
into Isevuhnic acid, lEevulimc aldehyde, and lcevulinic aldehyde pcioxidc 
From deteimmations of the molecular weight of this ozomde and its 

1 See Btf , 1929, 62 , 3628 
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ease of decomposition, Hantes showed that caoutchouc isdcpolymetiscd 
by the action of ozone, but his eailiei conclusion than an 8-cat bon ling 
is the basis of the caoutchouc molecule has pioved to be untenable 1 
A latei suggestion of Hames is that the ring is composed of a small 
number of isopiene units {eg five) Pickles 2 has pioposcd a closed 
chain stiuctme built up of ati indeteiminate nuinbei of C D II 8 molecules, 
and foi mulated as follows —- 


Cil a —Cl I, 


GII S 

L 


Oil—CII B —CII. 


GIL, 

I 

■o cn 


gil, cn a 


Gib 
0 —CII 


Clin-GII 


Polymerisation is hcie lepfcsented as being puicly chemical in 
nature, the union of isopiene molecules being accomp.tnicd by a 
leauangement of the double bonds The o/onide is assumed to be 
foimed as a lesult of the scpaialion of the caibon atoms at the 
points onginally occupied by the double bonds, with the pioduetion 
of a compound having as its basis the following stiuctme 


CII 


s 


CII 8 

i cn—cn a —- cii„— c 

II II II 

0=0 =0 0=,0 

[■’ei oxide I ocvultnu nldihydo 


CIIj—CII 


a' 


CII—CII,—CII 


8 


a 


CII. 

-c 

II 


Pci oxide* 


Watei bungs about decomposition of the ozonide at the points shown, 
with the formation of lmvulinic aldehyde, huvulimc aldehyde pcioxide, 
and also laevulimc acid as a fuilhei oxidation pioduct of the aldehyde 
Staudmgei, 8 who advocates an open chain sliueluic of the above 
foimula, has hydiogenated caoutchouc at 270° undei ioo almosphoics 
pressure m the piesenco of platinum as catalyst *3 he hydtocaontchouc 
so obtained was found to decompose m a high vacuum at 350-350", 
giving a quantitative yield of pioduels having the foimula (C 0 II 10 )« 
Pummetei and Buikatd 1 hydiogenated caoutchouc undei much mildci 
conditions in hexahydiotolucnc solution I wo atoms of hydiogen weic 
absoibed foi cveiy eight aliendy picscnt, but the hydrocaoutchouc thus 
piepaied diffeicd in its piopcities fiom that of Slaudingci, As yet no 
explanation can be advanced foi these diffeicnccs 

Slaudingci 6 succeeded in picpating a caoutchouc hydiobiomule 
(biomo-hydiocaoutchouc) at oidinaiy tuupciatuies, which also pioved 
to be a colloid On ticalmcnt with /me alkyls this gave small yulds 
of impure methyl - and cthyl-hyd>ocaoutchoucs, having piopcities similai 
Lo those of hydt ocaontchouc 

It will thus be seen that the evidence beanng on the constitution 
of rubbci is extremely difficult to mtcipiel At the piesent lime it 

1 Ilames and I'onrobcrt, Ann , 191 1,108, 173 II irrlea and I vers, f L S, 192a, 183, A, i , 
357 C S, 1910, 07 ,1083 0 Ba , 192 67 ,1203 , 1929, 468 , 1 1 Ha , 1933, 06 , 

3458, Pnmmorer and Koch, Ann , 1924,488, 294 0 II btnudinger nnd V Widmoi, IJetv 

chtrn A da, 192 7 , 8 p 



356 


CONSTITUTION OF BENZENE 


seems vety questionable whethei caoutchouc is an individual substance 1 , 
the indications lathet point to its being a mixture of closely lelalcd 
compounds These compounds, whethei built up of small cyclic units 
as assumed by Haines, 01 of laigc chains closed 01 open, as suggested 
by Tickles and Staudingci icspectively, appeal to beat a definite 
relationship to the teipene gioup 

Guttapercha stiongly lescmbles lubbci and is ptcpaicd fiom the 
sap of ceitain plants (Sapotaccae) found in Malacca and the Isast 
Indies It is punfied in a similai mannei to lubbci, and is extensively 
used foi making moulds, as insulating matciml, etc 


II 

Introduction to the Aiomatic Seiies 


CONSTITUTION OF BENZENE! 


A very laige numbci of compounds is dcnved fiom the hydio 
carbon benzene, C 0 II 0 , many of which arc of gical linpoilance 
industrially Ceitain of these substances weie obtained ongmally 
from aiomatic oils and tesins, and as they wcic of unknown consli 
tution and possessed a pleasant odoui, they weie classed togethci as 

aromatic compounds This leim is now icseivcd foi bcn/cuc 
dei lvatives 

The pioblem of the constitution of bcn/enc was attacked many 
years ago by Kckule and has not yet been finally solved Ihicc 
formuliE come into senous consideiation, namely, that of Kckuli, 

the centnc foimula of Armstiong and Bambctgci, and that nioposcd 
by Thiele 


CH 

CH 

CII 

a 

CII . 

HCf ^1CII 

IlCfCv A CII 

HC / 1 CII 

/ 

V 

# 

• 

IIC 

* 

i 

CII 

I1C \^ CI1 

CH 

IIC \t/ CH 

«c ch 

4 ♦ * 

CII 

i 

♦ • • 

CII 

* 

* 

ICekuU 

CH 

CII 

* 

# 

CII * 

Armstrong and Bamberger 

Thiele 

Electronic formiilt 1 


m proposing his formula for benzene, Kekuld a was guided by two 
regularities already established in connection with the chcmisltv of 
aromatic substances Each benzene compound dcnved fiom the 
hydiocatbon by the replacement of one atom of hydrogen by 


CompiTe R Pummerer, Bit , 1927,60, 2148, 2152, 2162 
3 Kekul6, Ann, 1866,187, 120 
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anothei atom 01 ladical existed in one ioim only On the othei 
hand, each di-substitution ptoduct of benzene occuued in thiee 
isomeiic foims Fiom the fiist of these statements it followed that 
the six hydrogen atoms of benzene aie chemically equivalent to one 
anothei, as was latei shown conclusively by Ladcnbuig 1 Accoidmgly, 
the benzene foimula should have each of the six hydiogcu atoms 
attached in a sunilai xnannei to caibon, a condition which is iulfillcd 
by the for mu he Cj(CH a ) 2 , C 8 (CII 2 ) 3 , and (CII) 0 Of these, howcvei, 
only the last satisfies the second condition, that tlucc lsomcuc di- 
substLtution products should be possible Ilcnce Kekuld came to the 
conclusion that benzene must contain a closed chain of six caibon 
atoms, to each of which is attached one hydiogen atom A doubtful 
point m this foimula is the position of the fouith valency of the 
carbon atoms ICckul£ suggested that each caibon was linked to one 
of its two neighbouis by a double bond, thus anivmg at the above 
foimula for benzene 

Kekuld’s foimula, howcvei, does not satisfy all the icquuemenls 
It was fiist pointed out by Ladcnbuig that the existence of foiu 
structurally isomeiic di-substitution pioducts would be expected fiom a 
configuiation of this kind, whcicas, as alicady mentioned, the obscived 
numbei is always thicc In addition to the thioc di-dcuvatives 
lepiescnted by the positions i 2, i 3, and 1 4, thcic would be 
expected, accoiding to the KekukS foimula, a fouitli isomei of the 
type 1 6, since this diffeis fiom the 1 2 position in the aiiangemenl 
of the double bond By means of a fuithci hypothesis ICckuli was 
able to bung his foimula into hmmony with the expcnmental facts, 
The atoms within the molecule aie icpic&cnted as being in .1 constant 
state of vibiation between cctlain positions of cquihbiumi, so that 
directly linked atoms stnke one against anolhu, and in unit time each 
atom tcceives as many impacts as would conespond to its valency In 
the special case of benzene, a caibon atom alternately makes one and 
two contacts pci unit of time with any given adjacent caibon atom 
The constitution of benzene aimed at in this mnnnci may be 
lepiesented giaphically by the following foimulm 


CII 


CII 

I1C (T > cri 

V . 

ITCjf 1 Veil 

hcL ®Jcii 

" - >* 

IIC-^ icu 

CII 


CII 


The molecule is thus supposed to oscillate between the two cxlicme 
positions On this hypothesis any distinction between positions 1 2 


1 Lftdcnburg, Ba , 1874* % i68j 
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and i 6 disappeais, and the occuiience of inoic than thuc di-subslitu- 
tion pioducts is impossible When it was fiist put fonvaid, Kckulf’s 
oscillation theoiy assumed the existence of a pioputy peculnu to the 
benzene ling To day, in the light of om picscnt knowledge., it may 
be regai ded as a special case of tautomensm 

In so far as then mechanism is undetstood, all syntheses of bon/cne 
and ils» derivatives appeal to suppoit the Kektil^ foimula As modified 
by the oscillation hypothesis, it would long ago have found genual 
acceptance but fot the fact that m its chemical chaiactei bcn/cnc is 
much lesa unsaluiatcd than the olefines, and lescmblcs lathei the 
hydtocaibons of the satuiated sencs Halogens, foi example, only 
unite with difficulty with benzene, whcieas they combine instantaneously 
with aliphatic compounds containing multiple bonds Bui/cne is also 
veiy stable towaids oxidising agents and does not icae.1 at all with 
alkaline potassium petmanganatc, which is a specific loagcnt foi 
ethylene denvalives 

The advocates of the cenlnc fonmila of Aimsliong and liambcigu 

(p 35 ®) claim to be able to explain these anomalies In this foi mula 

the foutth valencies of the caibon atoms, which cannot be utilised 

individually foi nng foiraalion 01 combination with olhu atoms, aic 

supposed to be dnected towaids the centtc. of the ling, whole they 

neutiahse one another Since no such mode of linking is known m 

the aliphatic series, an explanation may thus be furnished of the 

existence of those “aiomatic” piopeitics peculiat to ben/ono dei iva* 

tives In common with many othet foi mula: which have been 

advanced from time to time, this also has points of weakness It is 

difficult to see why the hypothesis of ccnlinlly chiectcd bonds should 

be limited to the simple hexagon ling, but if it be applied to the 

polynuclear ling systems of naphthalene, anthiacenc, and phcnanlhtuu,, 

the foimulae so deduced do not haimonisc with the chemical piopeitics 
of these compounds 

Ill connection with the investigation of cyclo - octaleiiaenc, 

Willslatter 1 concludes that the propeilies of this substance suppoit 

the centt ic formula of benzene, but not the cenlnc foi mula of 

naphthalene In the latter he assumes the one nucleus to be satui ated 

accotding to the centuc fot mula and the olhei to be olefinu. in 
chaiacter 

In a somewhat different manner, Thiele attempted to explain the 
almost completely saturated properties of the bcn/cuc nng K.ofcicncc 
has alieady been made on p 23 to his woik on compounds containing 
conjugated double bonds, as a lesult of which he pul foi wait) the 
hypothesis that the affinities in the oidinaiy double bond weic not 
completely utilised, but left residual or “ paitial valencies” in excess 
Where two double bonds are in the conjugated position, the lesidual 

1 Set , 1911, 44, 3428 
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valencies on the two ccnttal atoms aie supposed mutually to satisfy 
one anothei This conception has also been extended to the bcn/cnc 
formula of Kckuld, which lepiesents a closed system of conjugated 
double bonds, and leads to the conclusion that the lesidual affinities of 
the double bonds .lie completely satuiated, as expicsscd in 1 hide’s 
formula on p 356 

Nevertheless, cyclo oct itctiacnc (I) Ins been shown by Willst itter to be stiongly 
unsatiuated and very unstable Cyclo butadiene (II) is apparently so unstable tint 
it has not yet been isolated Thiele's hypothesis cannot theiefoie be applied to ill 
nng systems containing an alternation of single and double bonds 

GU C II 

I 1 J 

Oil t II 

'Vji—cii^ 

Accoiding to Uncle’s hypothesis, the Kekuld foimula foi bcn/cnc 
tepiesenls a satuiated compound, thus bunging it into good agice- 
ment with the physical and chemical propci ties of the substance, This 
formulation will be used in the following pages 1 
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If one of the hydlogon atoms in benzene be replaced by anothei 
element ot ladical, the lcsulling mono-substitution pioduct exists in 
one fotm only Ihcie is thus only one monochloio bcn/cnc, C 0 II 6 C 1 , 
one monoannno-ben/cnc, C 0 II 0 NII„, and so on 

Hence in this case the position assigned to the substituent 
group is immatcual, owing to the equivalence of the six hydiogen 
atoms 

If two hydrogen atoms of benzene aie replaced by two monovalent 
elements 01 iadicals, ? the 1 dative positions of the substituents gieally 
influence the piopcilics of the compound 

All di-substitution products exist in thee tsometic fomis If we 
indicate the position of the fiist substituent with the figuic i, the 
three compounds foimed by the inltoductlon of a second substituent 
may be wntten as follows 

1 * 2 » 1 6 , 1 3 “ 1 Si J 4 

The deuvative fotmed by substitution in position 2 01 6 is known as 
an (j^/w-compoundj in position 3 01 5 as a mota- compound, and in 

1 To simplify 1I10 fornuil c mu) enable the relative positions of substituents to be clcaily 
indicated, the usunt custom will be followed of representing the bcn/cnc nucleus by a hexagon 
a A polyvalent element ticvoi replaces several hydrogen atoms simultaneously m the same 
benzene nucleus Compounds such ns Cflllj—O or C f( II B “N aie unknown 
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Even when the two substituents aic chffcienl, thue and only time 
isomeiidcs aie known 

The ease is otheivvise, howcvei, when thicc hydrogen atoms aic 
replaced by thiee monovalent elements oi tadicals IJ the snlntiluent\ 
me the same , each tnsnbsMntion ptodnet tan ot at 1 in t/uce nomine 
fotm r Ihcsc aie distinguished fiom one anothci as vicinal (1 ? i)~» 

unsyinmcltical (1 2 4)-, and symmctiical (t 3 S)-dei ivntivos of 

ben/cne, and aic usually wiiltcn with the cotiesponding numheis 01 
the abbicviation v-, as-, 01 s , befoic the name of the compound, et> 

v ov 1 2 3 luchloroboivcno, as-at 1 2 4-lm hlorohcn/ciu , 

j ot 1 3 5 tllt hloiohcn/one 

On the othet hand, when the thiee substituents aic not all the same 
the numbei of isomeiidcs is gicatei than thiee Should two be 
identical, as in the case of the compound C,jII B Cl(On)j six isomeiidcs 
me possible , and if each of the thiee subslituint gioups is diffmnl, as 
in the compound C o n 8 Cl(OII)CII fl , thcoiy predicts the existence of 
twelve isomeridcs 

With theenby offom similai substituents into the ben/eno nucleus, 
the numbei of isomeiidcs is once again ieduced to thiee, since the two 
remaining hydiogen atoms in the ling must occupy the oitho, meta- 
or paid-position to one anolhei If the foul substituents are diffoienl, 
the numbei of isomcis is even gieatci than in the cast of Unco unlike 
substituents 

Finally, if five hydrogen atoms aic replaced by the same tit ment 01 
radical, as 111 C 0 IIC 1 6 , theie is again only one compound possible 

Aliphatic ladicals such as—CII 8 ,—C,II 6 , 01 —CII CUj attached 
to the ben/enc molecule are known as side chains, and the lest of the 
molecule is teimed the nucleus 01 ben/enc nucleus Dctivalivcs of 
th is type possess the chaiactei of both aiomatic and aliphatic com¬ 
pounds, and on fmthet substitution may yield isomeiidcs of quite 
diffeicnt piopeities, depending on whclhci the substituent entas the 
nucleus or side chain eg 

CoIIp CII 8 C 0 II 6 CIIjjCl 

Chlorotolucno Benzyl chloruto 
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Comparison of Aioraatio ana AlipRatio Derivatives 

The piopcities of benzene denvativcs which seive to diflcicnliate 
aromatic fiom aliphatic compounds depend on the peculiai chaiacter 
of the benzene nucleus, and may be sumtnatiscd as follows — 

1 A most sinking featuic is the case with which hydtogen m 
an aromatic nucleus may be substituted by the nitio gioup (—NOA 
the sulphonic gioup (—SO^II), 01 halogen As mentioned on p 100 
the normal paraffins arc attacked little 01 not at all by concenLiated 
nituc 01 sulphuiic acid, 1 wheieas the aiomalic hydiocarbons and almost 
all benzene denvativcs aie icadily nitiated with concentiatcd mine 
acid, 01 a mixtutc of the lattei with concentrated sulphuric acid — 

C fl II fl l IIO NOj « C„II r> N 0 2 1 - 11,0 

Niti obcit/cnc 

With concentiatcd sulphui ic acid alone, aiomalic compounds ate leadily 
converted into sulphonic acids 

QII 0 H HO SO a II - C fl II fi SO ,11 i up 

Bui/cne sulphonic tck! 

2 Homologues of ben/enc, such as C 0 II c CII 8 and C 0 II„ CII a 
CH, CIT a , diffei fiom the paiaffins in the case with which they 
undergo oxidation, the latter lcsist attack, while the foimci aic 
readily oxidised to ben/enc eaiboxyhc acids such as C 0 II G COOII 

3 A peculiai piopcrty of aiomalic halogen compounds as compaicd 
with the alkyl halides is the mdiffeient nalutc of the halogen atom In 
chlorobenzene and biomobcn/cnr, foi example, the halogen is so fu inly 
united to the nucleus that it can only be biought into learlion with 
alcoholatcs, ammonia and amines with the gicatest of difficulty 

4 Aiomalic amines aie less basic than fatly amines, and the 
phenols, eg C 0 II 0 OII, aic moie sliongly acidic than the alcohols 

5 Finally, it may bo mentioned that, as in the aliphatic senes, 
the reduction of aiomalic mlio-compounds leads eventually to the 
foimation of amines, but in this case inlet mediate i eduction pioducls 
known as azo-compounds and a/oxy-compounds aic fiisl obtained 
In addition, aiomalic amines icacl with mlious acid to gives dia/o- 

derivatives Ihese classes of compounds arc only lately found in 
the aliphatic scues 

Direotive Influenoe of Substituents in the Benzene Nuoleus 2 

Ihe natuie of a substituent alicady picscnt in the benzene ling 
exerts a decisive influence on the position taken up by a second cull ant 
In this connection a close lclalionship exists between the ottho- and 
/rrm-positions which distinguishes them shaiply fiom the wc^z-posilion 

1 Nilro derlvntives cm only be obtmicd from nlijjhatic hyihoctubons by Uic nclion of dilute 

mlrio icid at high tempi,rilures a Compare Holloman, Du dhekte £m/ti/uung von Snis/i- 
tuenten m den Beiwliei u (Veit & Co , 1 eip/ig, 1910) 
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The hydtoxyl group (OH), ammo group (NII a ) and alkyl groups, for 
example, dn ect a newly entering element 01 radical ptcfcrably to the 
o- and /-positions, whereas a gioup such as NO s 01 SO^II diiects 
mainly to the /^-position In general, o } /-dneclive groups facilitate , 
fuithei substitution, whilst those of f/j-ducctivc type inciease its 
difficulty 

Many attempts have been made to classify elements and lacltcals 
accoiding to their dnective influence, some of the mote important of 
which may be mentioned bncfly 

Among the eailiest suggestions aic those advanced independently 
by Hubner , Noltmg and Koiner about 1875, accoiding to which basic 
or weakly acidic groups (NH 2 , CH a , OH, Cl) dncct to the 0- and 
/-positions, whereas stiongly acidic gioups (COOII, NO a , SQ a II) lead 
to ^-substitution 

The Crum Brown and Gibson mle x states that if the tadical alicady 
present (CITO, COOII, N 0 2 , SO s H) foims a compound with hydrogen 
which can readily be converted by dnect oxidation into the ccnrespond¬ 
ing hydroxyl compound, the second substituent will cntci the meta- 
position Otheiwise it will assume the 01 tho- and paia-positions 

Vorlande^s rule divides substituents into unsatuiatcd gioups 
(N0 2 , CN, COOII and SO s II) causing ^-substitution, and satuiatcd 
substituents (Cl, Bi, OH, CIT B ) leading to 0 - and /-substitution 

Unfortunately, although these rules apply to the majority of the 
simpler cases, they aie subject to exceptions and on occasion aie 
mutually contiadictory Cinnamic acid, foi example, with the acidic 
unsaturated substituent —CH=CIT-—COOII, mttalcs in the 01 tho- and 
para-positions Moreover, the noimal directive influence of COOII or 
NIT 2 may be largely leversed by ionisation Sodium ben/oate in an 
aqueous solution is chlorinated in the o~ and /-positions, and aniline in 

thepiesence of a large excess of sulphuric acid is nitrated mainly in 
the ;//-position 

Mechanism of Substitution —Fluischeim® has advanced a thcoiy of 
benzene substitution based on Weiner's hypothesis of maximum dis¬ 
posable affinity When at any bond m a chain hydiogen is replaced 
by a substituent which differs fiom it in the amount of its “affinity 
demand,” theie results an alternating mcieasc and dccicase in the 
affinity content of successive bonds in the chain and a conesponding 
alternating increase and deciease of residual affinity at successive atoms 
(see p 83) Atoms which aie capable of combining with vaiying 
equivalents of other atoms are in then lowei stale of combination 
endowed with considerable lesidual affinity {eg N m NIT a and O in 
OH) When they leplace hydiogen linked to caibon then affinity 
demand therefore exceeds that of hydrogen The conti aiy state of 

C f 61> 367 & Ch » I902 » Q8j 331 » *9°^ so, 2015,/ SC I 

CChtm andlnd\ 192$, 44, 246 
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affairs holds when atoms entei a bond in then highest state of com¬ 
bination (eg N in N 0 2 ,S in —SO a H), m which case then affinity 
demand is less than that of hydlogon Accoiding to the natme of the 
substituent piesent, the lesultmg alternation in a monosubstilutcd 
benzene is thus supposed to lead to an inciease of ftee affinity at the 
o- and /-carbon atoms (<?, /-substitution) 01 at the w-caibon atom 
(/^-substitution) 


Cl 

1 

1 r 

NO a 


I 

0 t p Substitution 

i 

"V" 

m Substitution 


Addition Hypothesis of Holieman 1 In the ICcIcuIl foimula foi 
benzene a substituent X is always attached to a doubly bound cat bon 
atom, and in such a stiuctuic it is known to have a low icactivily (see 
P 125) 

CII 2 CC 1 CII 8 GII g CII CH.Cl 

Non ic ictivc h i logon Rc. iclivc halogen 

Since the picsencc of the double bond thus influences the activity of X, 
Holieman suggests that the conveise also holds tiue, and that the nalutc 
of X affects the chaiactci of the double bond 

According to Holieman the essential facloi contiollmg the com sc. 
of benzene substitution is the influence of X in facilitating 01 inhibit¬ 
ing addition to the adjacent double bond, and as this bond is pail 
of a conjugated system the influence will also be piopagatcd to 
the 1 4-position I he 5 6-bond is assumed to be compaiatively 
unaffected 

Nitration is supposed to occut as a lcsult of the two ptoccsscs 

1 Addition of lcagcnt, which may proceed m thicc ways, followed by 

2 lapid elimination of walci 


X x OH X 011 X 



Ortho Pm a Meta 


The type of icaclion pioducl will depend on the iclalivc velocities of 
foimation of the thiee addition compounds shown If X makes the 
adjoining double bonds moic icactive than a notmal (5 6) bond, 
addition takes place leading Lo 0- and / substitution If on the othei 

1 Rec hav Chun , 1895, 14 , 123 Chcm Revum^ 1051 , 1 , 187 
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hand activity is diminished, addition occuis at the 5 6-position and 
^-substitution ensues A similar explanation is applied to the case of 
halogens, hydiogen halide being eliminated 

Electronic theories of benzene substitution have also been put foiwaid 
by Fry and moie lecently by Robinson 1 and Ingold® F01 fuither 
infoimalton refeience should be made to the ongmal liteiatuie 

Reaotivity of Benzene Derivatives 

Although halogen attached dncctly to the ben/ene nucleus does 
not leadily entei into icaction, it may do so undci the influence of 
other substituents piesent m the ung F01 example, tho occuiience 
of a nitio-gioup in the 01 tho- 01 paia-position to a halogen atom 
incicases the leactivity of the lattci, lcndenng it moic leadily 
exchanged foi othei gioups oi atoms r lhc same substituent in the 
meta-position, on the other hand, docs not induce this change 
Stmtlaily biomine in 0 biomobctwoic acid is veiy inactive in the 
piesence of copper acetate 01 coppei povvdci When an aqueous 
solution of the acid is boiled foi a shoit tunc with a mixluie of 
sodium acetate and coppei acetate it is conveilcd into salicylic acid 
With sodio-malonic eslei in the picscncc of coppei powdet, the acid 
yields 0 caiboxyphenyl malonic estei 8 Undct these conditions the 
chloio acid is non-reactive 

Phenoxy and alkoxy gioups have the piopeity of incieasing the 
reactivity of an a bionmne atom contained in a hydiocaibon ladtcal 
m the oitho- 01 paia-position to them, eg <?-CII lt O C' 0 TT t Cllglh 1 
Oi Iho-subsLituents occasionally excit a suipnsing influence m 
hinder mg 01 even completely pi eventing the piogtess of such icactions 
as would olheiwise piocced with ease Numcious examples of steiic 
hindtance of this type will be met with in the following pages, the 
best known instances being those chscovcicd by Victoi Mevei 6 in 
connection with the estenfication of cu am a tit acids It is found that 
whcnevci the two hydiogen atoms in the 01 tho-positions to the 
caiboxyl gioup of >ben/oic acid aie leplaccd by atoms or ladicals such 
as Cl, 131 , NOg, CH B , or COOII, the lesullmg acid (see annexed foimula) 
COOII caiul °t be esteufied with alcohol and hydiochlonc acid, 

oi only with exlieme difTicnlly Sinulaily, if an acid of 
this type is once conveilcd into Its estei by othei means 

(fig > hy use of the silvci salt and ethyl iodide), the estei 
is veiy difficult to hydiolysc 

1 R Robinson,/ LSI, them amt hid, 1935, 44, 436 Also / C S, 1922, 121, 42? , 
I92G.B0S, 1655 , 102*7, 2411 than and lud , 1927,pji 118, aGo J 1 orsiimin uicsroiitumng 
lcfcrcncGB to tho onghnl pipers see Ann Rep them Soc, 1020, 129, 102V, 148, 1028,137 
* R II Ilurtluy, /, C 1020, 1870 * A Wemci, lit) , 1906, 80, 27 , for 1 suggested 

explanation, sec A I ipumtli itui J Ii Slioeimilli, / C S , 1922, 121, 1391 9 Be> , 1891, 27, 

510, 1580, 3146 , 1895, 28, 182, 1354, 2773, 3197 1 189G, 2D, 839, 1397, 1830, 2561, 1897, 80, 

1277 
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Formation of Oyolio fiom Open-chain Compounds 

Aliphatic compounds may be tiansformed into those of the 
aiomatic senes in a numbci of ways, one of which is of lustoiical 
interest and has aheady been lefencd to on p 255 A few of the 
more impoitant methods aic given below 

1 When submitted to a high tcmpeiatmc, many methane denvatives 
yield benzene compounds among othei pioducts 

2 In the same mannei acetylene polymcnses to benzene, 
3C 2 H 2 — C 0 H 0 , and othei aiomatic hydiocaibons, 1 monobiomo 
acetylene gives 1 3 5-tubiomo benzene, 3C 2 IIBi « 0^131,,, tieat- 
ment with concentiatcd sulphtuic acid converts allylene into 
mesitylene or 1 3 s-tiimethyl-bcnzcnc, 3CH C CII 3 -C 0 H 8 (CII 8 ) a 

3 Acetone also yields mesitylene when licatcd with sulphuiic acid, 
3CH, CO CII 3 = C 5 n a (CII a ) a -b 3ll 2 0 In a similai mannei methyl- 
ethyl-ketone,CII 3 CO C 2 ll a ,givcsi 3 g-tiiclhyl-bcn/ene, 

and foimylacctone, CIIj CO CII 2 CIIO, passes lapidly into 1 3 5- 
trmcetyl-benzenc, CqII/CO GII 8 ) 3 

4 Potassium combines dncctly with caibon monoxide to foim the 
potassium salt of hcxahydioxy-ben/cne 

5 A valuable leaction of unsaturated compounds has been 
investigated by Diels and Aldei Butadiene and many of its 
denvatives have been found to icact quantitatively with substances 
containing the gioup CII CII CO , such as maleic anhydnde, aciylic 
aldehyde, aciyhc cstci ? In many cases the mtci action ptoceeds at 


100m Lein pci aim c 

Combination 

occuis by the icactive gioup 

CII CII CO adding 

Lciminally to 

the 

butadiene, as in the following 

typical cxamplcb, te&ulling m the pioduction of paitially hydiogenated 

aiomatic compounds 




!• yCIl, 



Clio 

Cll 

cn 2 


CH Clin 

1 + 

II 

— y 

1! 1 

CII 

CH CIIO 


CII CII CIIO 

x cn s 



^CH a 

Butndiono 

Aciyhc 

uldchydo 


Tclruhydro 

bcn/aldchydc 

11 CII a 



Clio 





Me C 

CII co 


Me C CII CO 

1 h 

11 >0 — 


II 1 >0 

CII 

CII CO 


CII CII CO 

Vn 2 


CII, 

4 m 

Isoprcno 

Maleic 


Me th) 1 tetrahydro- 


anhydride 


phtlnllc anhydnde 


1 R Meyer'incl A lanpen,/?*; , 1913, <tG r 3183 3 O, Diels, K Alder and co workers, 

!«//, 1928, dOO, 98 , I 9 ^ 9 i ^0, 62 hit , 19291 02 B, 2081 See also F II Farmci, 
Am Rep C/tem 60c , 1930, 88, wliete a numbci of other icferences will be found 
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This 1 eaction is capable of very wide extension, foi example, 
the place of the above aliphatic keto-compounds may be taken by 
/>-ben/oquinone and a-naphlhaqumone, 



CO 


CIT, 

CO 

/\ 




C1I CH 

CII 

CII 

CII 

11 II - 

—y ii 

1 

II 

CII CIT 

CII 

CII 

CH 

\ / 

N 

* X \ 

- / 

CO 


Clio 

CO 


and that of butadiene by a vaiiety of cyclic unsatuialed hychocaibons 

On the othci hand, ccilain benzene deuvatives, pat ticulaily phenols, 
ammophenols, quinones, hydtoxy-quinones and phenol-caiboxylic acids, 
may be conveited into open chain compounds Thus ben/tne tuo/onide 
decomposes with watei to give glyoxal, mesotaitauc acid (see p 281) 
has been obtained by the oxidation of phenol, C 0 II 6 On, with dilute 
pcttmnganale solution, and chloioquinonc and Anally maleic acid 
aie fonncd when ben/ene is tieatcd with potassium chlotale and 
sulphuiic acid 


III 

Benzene and its Homologucs 

Benzene is fonncd duiing the diy distillation of coal, and, as 
dcscubul in detail below, is piepaicd induslitally fiom coal tat It 
was fust isolated by Faiaday in 1825 fiom the illuminating gas 
obtained horn oil, it was picpaiul fiom ben/oic acid by Mitschcilich 
in iBvb and its picsencc 111 coal tai discoveicd m 1845 by A W 
Hofmann 

Ben/ene is a colomlcss, stiongly left acting liquid of pctulmi 
aiomatic taste and smell, boiling at 80 4 0 undei 7C0 mm and melting 
at -| 5 Sp gi 0899 at o" It burns with a luminous sooty flame, 
is insoluble in walct, but is miscible in all piopoi lions with alcohol 
and ethei,and hums an cxiclknl solvent fen icsins, fats and sulphut 
With an ammomacal solution of nickelous cyanide it yields a white, 
violct-tmtcd ciyslalhne compound of the fonnula NiCgN^, NII 8 , C 0 11„, 
which may be used foi the detection of Jxwuie, 1 and with antimony 
pcnlachlondc, accoiding to the amount of solvent piescnl, a yellow to 
yellow-ied eoloui is developed i When tieatcd with chlounc, ben/ene 
foi ms both addition and substitution pioducts, such as C^IIjCl,, 

W l.*ncl( a ir B Cl,C 0 II 1 (l # 

t^onceniialed sulphuiic acid conveits it into ben/ene sulphomc 

K A Uofmnnn mill Arnoldt, htt , lyoG, BO, 339 ■* b. Ullpcit mul Wolf, , 1913, < 10 ,2215 
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acid, nitiic acid into mliobctwcne, and hydnodic acid into hexahydio- 
benzene With o/one, benzene yields a Itiozomdc, C 0 H 0 (O s ) s , which 
is decomposed by watci 1 to fomi glyoxul 

C (1 II 0 (O 8 ) a -3O CH CII O 

These and olhei chemical changes of benzene aie discussed in 
detail in latci chnplcis 

DRY DISTILLATION OF GOAL. AND MANUFACTURE 

OF DO All GAS 

The main souice of benzene and its methyl homologues is the tar 
obtained as a by-pioducl when coal is submitted to dty distillation 
at tempeiatuics above iooo°C, eithei foi the manufacluie of coal gas 
01 of coke foi mctalhugtcal pin poses In the foimci pioccss, gas coals 
aic employed, lich in hydiogen and yielding a high piopoition of gas, 
wheieas in coke ovens a coal pooiei m hydiogen is utilised, which will 
give a good yield of a dense coke Gas coke of open lexluic is, in 
addition, pioduced in 1 datively small amount in the manufacluie of 
coal gas, and gas is also obtained fiom the coke ovens Coal tai 
and an aqueous liquoi containing ammonia (gas liquoi) aie obtained 
as by-pioducts in both pioccsses 

I he distillation of gas coal is earned out in lcloits of fnepioof clay 
Volatile pioducts of decomposition arc led Ihiough pipes to a tiough, 
m which the bulk of the tai condenses Coal gas passes on, and is 
fiecd ftotn fuilhei quantities of tai and ammoniacal gas liquoi by 
passage through specially constiuclcd chambcis which aie well cooled 
with watci The icmainrlu of the ammonia is ictnoved by washing 
the gas 111 watci I ho gas is next ficecl fiom hydiogen cyanide, 
usually by washing with a solution of an non salt, the icsulting 
cyanogen compounds of 11011 being subsequently woiked up foi 
potassium feiiocyamde and othci pioducts Finally, sulphm is 
lemoved, genet ally by leading the gas thiough cast-11 on chambeis 
containing hydiated feme oxide spioad out in thin laycis 

The puiified coal gas is collected ovci watci in gas-holdcis 01 
gasomctcis, and dclivcicd undci piessuie into distubuting pipes 
It contains hydiogen (about go pci cent by volume), methane 
(35 pei cent) and caibon monoxide (8 pei cent) as non-lummous 
constituents, and ethylene, acetylene, benzene and naphthalene 
(totalling about 4 pci cent) as luminous constituents, togcthci with 
caibon dioxide (1 pei cent), nitiogcn (4 pei cent), hydiogen sulphide 
and ammonia as impunltes 

Fiom too kilos of coal aie obtained on the aveiagc 27 to 30 cubic 
meties of gas, 5 kilos tai, 64 lulos coke and 100 kilos of ammomacal 
gas liquoi 


1 Ilmrica, Ann , 19 ° 5 » 848 , 33 $ 
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Up to the picscnt time, the distillation of coal by the above piocess 
has usually been so conducted that the pnmaiy pioducls of distillation 
aic—by contact with the 1 eel-hot walls of the ictoil—laigcly conveited 
into compounds of an aiomatic natiue, which collect in the tar 
Accoulmg to teccnt investigations, the low tompevatm6 distillation 
of ooal may be effected at 6oo° undet ieduced pies&uic, to give a laige 
puvnaiy distillate of aliphatic dimactei 1 In this mannei the typical 
piodiuts of the petiole urn mclustiy may be piepaied fiom coal (see 
pp ioi and 106) 

lhe yield of tai fiom the low tcmpeiatiue piocess vanes, accoulmg 
to the staitmg maleiial, fiom 8 to 12 pails as against the 4 to 5 paits 
obtained fiom the oidfnaiy piocess in the mamifaclme ot coal gas 
ihe tow tempciaUno tai may be piepaied eithei as the ehief product 
of distillation m appaiatus designed to this end, 01 as a by-pioduct 
fiom the gas geneialoi 

Ooal Wav 

Piopi)ties, Composition and Uses — Coal tai as obtained fiom the 
manufaetuie of coal gas 01 the coke ovens is a black, viscous liquid 
of peeuliai at ml smell It ts an cxlicmcly complex mixtuio of 
subsumes, wlmh may be loughly divided into those of acidic, basic 
and neulial rhaiaelei Among neulnil ptoduels, the most linjioilant 
aie the hydioeaihons of the aiomatic suics— ben/eno anti its 
homologuos, naphthalene and anlUiaceiu to which the mdustual 
value ol coal tai is mainly due The content of naphthalene amounts 
to 5 lei 10 pei cent of the tai, and of benzene and toluene to about 
1 to 15 pei eent liasie constituents nuliuli com pounds ol the 
pyudinc amt ejumolme gump, while those e»f audio natiue me chiefly 
plu mils, among which phenol itself pie dominates 

( oat tai is piobabty put to a gieatei vanity of uses than anyotlui 
substance In the oude stale, without any ptevimis 1 edification, it is 
use el foi piotecling Uu smfate of masonty ami wood, foi ftnpiegiialmg 
wood, in lhe pie paiatum of t oinposilion loofmg, 111 the manufaetuie of 
lampblack and bin pie lies, ami as fuel Its chief value, huweve 1, lies m 
the piodiuts wim b can tie obtained tumi it 

jhsilllation of < oal la) Distillation is e.uneel out in lenrniy stills 
which an bucked m, and the distillate is condenses! in an iron coil 
condenses i'oui fi actions ate* usually collet led as fottenvs — 

1 l tyjit oil, which h hghte 1 than watei and distils between 80“ 
lend iyo 

> A/tddlt o> tuiholu oil , sp gi appioxmmUly t, winch elistiis 
between 170' and 

1 litany 01 tit oude oil, which is heaviei than iv.de r and distils 
luLween ’.l*' and J70 

1 Srt t on; /tmfi>itfine f mtitmlutlwn t'f />iiumuu>»s teat, t.y Mi( ulludi :mt Sinip*m 
(VValictliy, I'jJjj 
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4 Gieen ot ant hi acenc oil, which is gieen m colom and distils 
between 270° and 400° 

The pitch which is left as a lesidue in the retott is utilised in the 
prcpaiation of vat rush and lacquci, bnquettes and other pioducls 

F01 the pio dilution of benzene hydiocaibons the only fiaction 
of impoitancc is the light oil I his is washed with aqueous sodium 
Iiydioxide to leniovc acids, and with concentrated sulphunc acid to 
remove bases, and is then fractionated in a lcctifying column 
Benzene, toluene, C 0 II e CH 8 , and xylenes 01 dimethyl-benzenes, 
C 0 H.,(CH,,) 2 , aic thus obtained in a relatively puic foim, and aie 
placed duectly on the tnaikel Methyl dciivativcs such as the thiee 
isomcnc xylenes, and the Itimcthyl-bcn/encs or cumenes, aie lately 
isolated in the puic state fiom light oil, but aie usually employed in 
the ci tide condition as solvents foi lesins, fats, and so on 

Like the othet alkyl dciivativcs of ben/enc, they aie also piepaicd 
synthetically 


Preparation of Benzene Homologues 

Alkyl dciivativcs of ben/ene may be piepaicd by the condensation 
of alkyl-acctylcnes (sec p 365) and by the following methods — 

1 By the diy distillation of aiomatic caiboxylic acids with alkali 
In the same mannei ben/cnc may be obtained fiom bcn/oic acid 

C d lI D CJOjNa l NaOII -- C d U„ i Na a CO s 

2 By the action of sodium on a nnxtmc of a biominatcd ben/ene 
hydiocaibon and an alkyl biormde 01 iodide, eg 

C„II D Ui 1 aNa I CjH ri Bi - C a TI 0 C 2 II„ 1 2NaBi 

1 * tliyi-ben ycuo 

This icaclion, discoveied by Fittig, is an extension of the Wiul/ 
method of synthesising paiaffins by the use of sodium and alkyl 
halides (p 102) 

3 Fiom aiomatic 01 gnno-magnestum dcuvatives by heating with 
alkyl halides, 01 moie conveniently by the action of alkyl sulphates 1 

C fl II 6 MgBi 1 (CII^jSOj - C„1I 6 Cll a l Bi Mg SOjCII, 

Phenyl m igncsuuii Dimethyl Methyl benzene 

bromuio sulpliilc or toluene 

In this connection it may be noted that alkylcne ben/ene 
denvalivcs (F-alkylalcd styiolcs), which aic icadily synthesised fiom 
alkyl magnesium halides (see p 373), aio easily 1 educed to the 
conespondtng ben/ene hydiocaibons, thus piovidmg a valuable means 
of piepaimg a senes of olhciwise difficultly accessible compounds 
In this mannei propenyl-benzcne, C 0 II c CII CH CH 8 , yields 

1 Wcrnci and Zllkens, Bit , 1903, 80,2116,3618 Ilouben, Bee, 1903, 86, 3083, 1904, 
87, 488 
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«-propyl - benzene, C 6 H c CH 2 CH 2 CHj, and mcthovmyl - benzene, 
C e H 6 C(CH 3 ) CH 2> yields isopiopyl-ben7cne, C 0 II 5 CII(CII rt ) CII^ 

4 The hnedel-Qafts uaction x is atioihci nnpoiUnl method of 
pteparing alkyl-benzencs This consists in bunging aionmUio hycho- 
carbons into icaction with alkyl halides, in the picsence of anhydious 
aluminium chlonde 2 

C 0 H 0 + Bi CjH fi - CJIr, C 2 II fi n IIBi 

J< liiyl bcn/cnc 

C a H fi CII B hCl CH 3 = CbII^CIIOs I IICI 

Toluene Xylene 

By this method all the hydrogen atoms of benzene may be lepHccd in turn by 
alkyl groups, il though it is often difficult to stop the action u the desued point and 
to separate ihe mntuie of isomerides foimcch J ho reaction is still fuither 
complicated by the fact that the aluminium chloride tends to detach the alkyl 
groups already mtioduced, eg 

CflH 5 cii 9 +iici -= C 0 H 0 i GII,U 

In spite of these diaubacks, howcvei, the Fueclol Ciafts icaction has pioved of 
great value in the synthesis of benzene homologucs and othei aiomalic compounds 

$ Benzene and its homologues may also be regenerated from the 
corresponding sulphonic acids by heating them with supciheated steam 
in the piesence of sulphiuic acid, conccntiatecl hydiochlouc acid ot 
phosphoric acid 

C 6 II a (CII 8 ) 9 SO g H + II a O - Call^CII^ HI,SO l 

This icaction often ptovides a convenient method of scpaiatmg 
a mixture of hydrocaibons If, foi example, one hydtocaibon can be 
sulphonated undei certain conditions and anothet not, the lattci can 
easily be extiacted fiom the leaction mixtiuc and the sulphonic 
derivative of the formei then convctted back into the hyd local bon by 
the above means 

Properties and Reactions of the Alkyl-benzenes 

The alkyl-bcn/enes aie gcncially colomlcss liquids with a smell like 
that of benzene They ate insoluble in watet but soluble in alcohol 
and ether The inti eduction of a methyl gioup into the nucleus laiscs 
the boiling-points of the methyl-benzenes about 24 0 to 30°, if 
mtioduced into the side chain the use is about 24° Towaids chloime, 
bromine, sulphunc acid and concentiatcd mine acid they behave m 

the same mannei as benzene, the hyehogen of the nucleus undei going 
substitution 

A characteristic property of these hychocaibons which is of gieat 
value foi then identification is then behaviom on oxidation Tieat^ 
ment with dilute nitric acid, chiomic acid mixtuic, potassium peiman 

1 Bet , 1881, 14 , 2627 Boesekon mid Baatel, C, 1914, I, 647* Q Fcrnc chloride ncta in 
a sunilai mnner, Nencki, Bet r 1897* SO, 1766, 1899, 8S, 3(.i^ 
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ganale, 01 fcnicyamde convcils each side chain into a carboxyl group 
(COOH), by the same mlei mediate steps as m the case of aliphatic 
compounds Ftom the numbei and lelaLivc position of the lesultmg 
carboxyl gtoups it is possible to deduce the numbei and position of 
the alkyl radicals otiginally ptesent 

Thu<; a hyiliocaibon C 0 TI, o might have cithci of the constitutions 

yCII, 

C a II„ CjO, C U IJ / CJI/CII ,)a 

Tropyl m iHopropyl Oim of tiro Ultra nwlhyl Ona of ttio threo 

boii/tiuo otlijl lionamiotj tiJmnthyl buiipomiq 

On oxidation, the first c oinpoimd yields bcnroic acid, C rt II fi COO 1 1 , each of the tluee 
methyl ethyl beii/enes gives n diftctuit dicarboxylic and, C 0 H,(COOIIh, and each 
of the thicc tumethyl bcn/cncs a diffluent tnc<ubo\yhc arid, C 0 IIj(COOII)i 

Toluene, mcthyl-bince/ie^ C (i IIr, CH„, occuis among the pioducts 
of diy distillation of a nuiiibu of substances, pailiculatly of Tolu 
balsam (/ o/uifeia balsam um ), fiom which llei/chus fust denvcd its 
name 

It may be obtained synthetically accoiding to the foiegoing 
methods, (i) by the action of sodium on a mixluic of methyl iodide 
and biomobcu/ene in diy clheical solution, (2) by leading methyl 
chloitde into bcn/cnc in the picsencc of aluminium chlonde, (3) fiom 
phenyl magnesium biomidc and dimethyl sulphate in diy ethcieal 
solution, and (4) by the diy distillation of a mixtmc of sodium 
ben/oalc and sodium acetate Toluene may also be picpaied horn 
toluene sulphomc .icids and by the distillation of /-loluic acid 
On the technical scale the only sou ice of toluene is coal tai 
Toluene is a colouilcss, mobile, and stiongly lcfiactive liquid, which 
fice7cs at —94° and boils at no", sp gi 8841 at o n It is piaetically 
insoluble in walcu but it icadily mixes with alcohol, elhci and 
chloiofonn It bums with a vuy smoky flame, dissolves sulphui, 
phosphoius, iodine, fats and lesins, and is laigcly used as a solvent for 
phosgene When oxidised with potassium bjchi ornate and sulphui ic 
acid, 01 with dilute mtnc acid, toluene is convcited into ben/oic acid 
On 1 eduction it foims hcxahydio-lolncnc I he bchavioui of toluene 
towaids chiomyl chlondc has been studied by Etmd In caibon 
disulphide solution a compound of the composition C ? II 8 , 2010^03 is 
obtained, which decomposes with watci to foim bcn2aldchyde. 

The action of chlounc on toluene vattes with the lempeiatuic 
At lughei lempciatuies substitution occms 111 the side chain, and at 
low lempciatuies In the nucleus Chlounc passed into boiling toluene 
leads fit st to the foimation of bcn?yl chlonde, C 0 II e CII a Cl, which then 
yields bciual chlonde, C 0 n 6 CIIC 1 ? , and finally ben/o-tiichloude, 
C a II 6 CC 1 3 In the cold, on the olhei hand, 0- and /-chlorololuencs, 
C„II 4 C 1 CII fl , aic foimed On nitiation, toluene yields a mixluic of 
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the thiee possible mono derivatives, chiefly the o - and p compounds, 
with a considerably smallci piopotlion of ;//-mliololuc.nc 

Xylenes, dimethyl benzenes , C 0 H,(CIIj)si, me found m cosl tur, the most v-ilinble 
isomeride, iso or in xylene, being picsent in the gicatest piopoitton They are 
colourless liquids which distil at appioxunatdy the same tcmpeialme, 1 o xylene 
boils at 142 0 , m xylene at 139°, ancljj xylene at 138“ 

Tiimethyl benzenes, C 0 H.s(CH.j) g Of these, hemimellltol (l 2 3) boils at 175°, 

pseudocumene (1 2 4) at 170', and mesilylonc (1 3 5) it 161“ All tinee occur 

111 coal tar Mesitylene is formed by the action of coiuentialcd sulpluiuc icnl on 
acetone or allylene, 3CIE CO CH g =C 0 II a (cn 3 )j I 3IUO 


H g C C 


# 


CH 


CII 


HC 


% 

N c ch 5 

AUykntj 


c cii 3 


I 1 ,C c 

f r 

I 1 

-> 



CII 


lie 

x ) 


C H 


c cn 4 

Monltylouo 



The proof of its symmetrical stiuctuic was of gieat mipoitancc in dctci mining the 
orientation of benzene substitution pioducLs 

HI 

< V -,1 Jjj 

is found m 

CII(CII,)„ 

various ethereal oils (oil of thyme and oil of eucalyptus), and may be 
obtained fiom camphoi, oil of tin pontine and ccitain olhci let penes 
It is a pleasant-smelling liquid, which boils at 175 0 and can be 
synthesised fiom jS-biomo ~ isopiopyl - bcn/cnc, methyl iodide and 
sodium 

Pentamethyl-ben^ene melts at 53 0 and boils at 230° 
Hexamethyl-ben*ene maybe picpaicd by leading an cquimoltculai 
mixture of methyl alcohol and acetone m the vapoious foim ovci 
heated aluminium oxide 2 It melts at l64 r and bods at 2O4 1 ' 


Benzene Hydrocarbons -with. Unsatnratect Side Chains 

These show, on the one hand, the piopulies chaiaclciistic of 
aromatic compounds, and on the other those of the unsatuiated 
hydiocaibons of the aliphatic senes (sec p 108) They 1 caddy unite 
with hydrogen and halogens 

Alkylene benzene derivatives can be piepaicd by means of the 
Gugnard reaction, either directly 01 by the elimination of walci fiom 
the carbinols obtained in such vauely by this icaction fiom aldehydes, 
ketones, esters and alkyl halides Then dnect fotmalion occuis 
particularly in those cases wheie an excess of the Gugnaid leagenl 

1 These isomendes cannot be separated by dlstilhtion For a method 1 in (living the usl of 
sulphuric acid, see Ber , 1877, 10, 1010, 1881, 14, 2625, 1884, 1% 444 9 Rcckleben and 

Scheiber, Bet , 1913, 48, 2363 
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is employed, and the reaction mixture, aftei evapoiation of the ether, 
is healed foi some time, 1 eg 



l CILMgf 


c,ii # 


/CII, 

c^cii 8 

^OMgl 



c,h 4 c/ 


CH 


^CII 


3 

2 


Styrene ,phettyl ethylou^ vmyl benzene^ C0II5 CH CII 2 , is the simplest icpieseut i 
tive of the olefine duivatives It is piescnl in stonx and is a colouilcss, stiongly 
lefractmg liquid, bp 146°, with a smell icscmblmg that of benzene It is obtained 
fiom cinnamic icid by heating with June It may also be piepaied from ethyl 
benzene, 2 C e II fi C,II 5 —CIIBi CII^li —CII CH 3 At 200* it 
polymenses to a solid compound called mciastyicne 3 On icduction it yields ethyl 
benzene, C 0 II 6 CII B CII 3 , and with biomine forms two isomenc dibionndcs, 
C a II ft CHBt Cl 1*131 

Phenyl acetyl on o, C ti U 5 C=Cri, is a denvalive of acetylene It cm be 
obtained by t vauety of methods, such as from phenylpiopiolic acid, 
CiEEC COOII, by splitting off caibon dioxide, 01 from diben/al acetone 
tetrabromide by trcitim.uL with tlcoholic potish 1 It is a pleasant smelling liquid, 
b p 142”, which like acetylene gives explosive metallic denvalives with ammomacal 
silver nitrate 01 cupious chloiidc solutions When boiled with /me dust and acetic 
acid, it takes up hydrogen and is con veiled into styicne, C 0 II c CII CII 2 Undei 
the influence of dilute sulplumc acid, phenyl acetylene combines with watei to form 
acetophenone, C,jII fl CO GII a 


IV 

Halogen Deiivatives of the Aiomatic Hydio- 
caibonSj and then Magnesium Compounds 

Halogen substitution ptoducls of the aioniatic hydrocai bons can be 
piepaied by the following methods — 

1 By the action of halogen on the hydrocaibon In the case of 
iodine the hydi iodic acid set fiee during the reaction must be 
lemoved as fast as it is foimcd The hydtocaibon is thciefoie heated 
with iodine and an oxidising agent® such as mercuiic oxide, iodic acid, 
01 a pci sulphate It has alieady been mentioned undei toluene that 
chlonne and biomme may cntei eilhet the side chain 01 the nucleus, 
according to cxpeiimental conditions 

2 Fiom the cha/o-compounds (see p 39S) by mteiaction with 
cuprous chlonde 01 biomidc, 01 with potassium iodide 

C 0 II fl N a Cl « C a II fi Cl 1 N a 

3 A simple method of bioinmating aiomatic compounds 0 consists 
m shaking them at oidnmiy lempciatuics with an aqueous solution of 
liypobiomous acid 

1 IChgos, Be> , 1902, SB, 2633, 3S06 , 1901, 87 , 649, 1J4? G Ilell, Bti , 1904, 87 , 22 $, 
3 jo, 453, ij.29, 4188 a j v Braun and Moklilnke, Bt> , 1921, G 4 , 618 * Stobbc, Ann, 
1909, 871 , 259 1 G Mllhlhnuaen, Bet , 1906, 80,4146 8 K Elba and Jarosltiwrew, 
/ fit Ch [2], 1913, 88, 92 0 O btirk, Bet , 1910, 40 , 670 
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In their chemical behaviotu the aiomatic halogen compounds aie 
distinguished above all by the stability of the halogen atom ducctly 
attached to the nucleus 'This halogen cannot be exchanged dnectly 
for othei groups such as Oil and NH^ as m the saluiatcd aliphatic 
derivatives, but resembles the i datively non-ieactivc halogen linked 
to an unsaturated cat bon atom m an ethylene compound (p 125) 

H Cl CH = CII 

11 / \ 

CH, C = CH CII C — Cl 

CII — CII 

Neveitheless it should be noted that the entrance of fuithci substituents 
into the molecule may mciease the leactivity of the halogen in this 
sense, compounds which contain one 01 two nitio gioups in the oitho 
position to the halogen exchange the lattei as icadily as the alkyl 
halides 1 , similaily the bromine in 0-biomobcnzoic acid is icaclivc (p 364) 
In ceitam cases halogen attached duectly to the nucleus may be 
brought into reaction by the use of catalysts 01 ultiaviolcl iadiation s 
In aromatic compounds such as ben/yi chlondc, C 0 II 6 CII 4 Cl, the 
halogen atom in the aliphatic side chain is compaialivcly leaclive 

Fiom the practical standpoint it is of consulciable impoitance that 
aiomatic halogen compounds lesemble those of the aliphatic series in 
undeigoing the Giignard reaction When tieated m diy ctheieal 
solution with metallic magnesium they foim compounds of the gencial 
formula R Mg Hal (see p 127) 

C 6 II 6 Br4 Mg - C 0 H, Mg Br 

Phenyl Phenyl 

bromide magnesium bromide 

C a H e CH 2 Cl + Mg = C fl Il 6 CII 2 Mg Cl 

Benzyl Benzyl nngnesium 

chloride chloride 

Like the aliphatic otganomagnesium halides, these have been 
employed with stnkmg success in synthesis, and numeious examples 
of then use will be found m the following pages 

Iodine compounds containing the iodine atom in the nucleus 
possess the pioperty of uniting with two atoms of chlorine to foim 
todochlorides, in which the iodine is Divalent Aqueous sodium 
hydroxide conveits these into lodoso-deuvativcs, the two chloune 
atoms being teplaced by one of oxygen 

nTY r ci a _ no 

c 6 h 6 r —V c g h 6 ici a cyi, 1 o 

Iodobenzene Phenyl lodochloride Jodosobcu/cnc 

Iodoso-compounds aie yellow amotphous substances which behave 
as diacid bases, eg as C a H e I(OH) 2 , they combine with acids to 
foim salts With reducing agents, such as hydiiodic acid, they lose 

1 Kenner and colHborttGrs f J C 8 , i 9 r 4 > 27 i 7 i ^ n d on^^rda K W Roacnmimd, 

Btt , 1923, 60 , 1950 
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oxygen and legeneiate the lodo-compounds, a change which may also 
take place metely on heating (I) Oxidising agents conveit lodoso- 

mto lodoxy-compounds (II ) 

I sQH, IO = C 0 II 6 I 0 2 i C 0 H 0 I 

Iodoaobcnzenc loctoxybenzcnc lodobcnzcnc 

II C 0 H 8 IO -) o - 0 , 11 , io 3 

The lodoxy compounds do not yield salts with acids, but lesemble 
the lodoso-deuvativcs m decomposing violently when heated 

Chloto- } bioiuo-, and wdo-ben ,ene 1 aie colouiless liquids of chaiactei- 
tstic odom, which boil at 132“, 157° and 188 0 lespectively Heia- 
chlorobemene % C 0 Cl a , is piepaied by the exhaustive chlonnalion of 
ben/cne, and of many alkyl benzenes It is a colouiless crystalline 
substance, which melts at 22C 0 and boils at 326°. 

Chloi otolnene, CfllljCl CII a , exists in tin ee isomei ides ( 0m- t and /-), 
which may be obtained fiom the conesponding amtnotoluenes 01 
toluidmes by way of the dia/o-compounds Benzylch/o/ idi\ C 0 H e CH a Cl, 
is foimed by the action of chlonnc on boiling toluene, it is a colouiless 
liquid, bp 178 1 , which has a povvciful liiitanl action on the eyes and 
nose It is used in the picpaiation of benzyl denvalivcs Bengal 
Monde , C 0 II B CIICl a , bp 207°, and bnizotrijiloude, C 0 II 6 CC 1 3 , bp 
213°, aie foimed by moie piolonged action of chlonnc on boiling 
toluene, and aie utilised industiially, the foimci in the picpaiation of 
benzaldcbydc and the lattu in that of bcn/oit acid When the nnxtuic 
of the two chloudcs, as obtained by chlonnalion, is heated with milk of 
lime, it yields bcn/aldehyde, calcium benzoate and calcium chlondc 

C,,II,, CllCf, l Ca(OlI) a - C„II fl CIIO H CaCl 2 I II 2 0 

13ctun 1 chloi k lc Ben ? iKlchydc 

aC 0 IIj CC 1 3 uCn(OII) a - (QlljCOOJjCa H3CaCI 8 a tllfi 

Btn/otnchlonde Cdcium benzontc 

Fiom this mixlutc bcn/aldehyde is lcmovcd by steam distillation, 
and ben/oic acid is then pi capitated fiom the residual calcium 
benzoate by means ol hydiochlonc acid 

V 

Nitrogen Denvalivcs of the Aiomatic 

Hydiocaibons 

In this section, the technically valuable miio- and amino-compounds 
aie described first, followed by the intcimediate pioducts foimed dmmg 
the 1 eduction of mlto- to ammo-compomids Chief among the Uttei 

1 lodobonzenc cm also be picpucd from bromobenzonc! by converting it mlo phenyl 
magnesium bromide and subhequent licalinent with iodine, CoIIuMgBr \ I 0 —CoIJel-hMgBrl 
Botlronx, C * , 1913, 183 , 1350 
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are mtroso- and /3~hydroxylamine~denvatives and azoxy-, azo- and 
hydrazo compounds After these the diazo-compounds and hydrazines 
are treated, and finally the azo-dyes, which contain a vauety of othei 
groups in addition to nitrogen 

I —NITRO-OOMPOUNDS 

Preparation —On account of then piactical value the intro 
compounds are of outstanding impoitance As has aheady been 
stated (p 361), they aie leadily fotmed from aromatic hydiocaibons by 
the action of concenti ated niti ic acid 

C a H 0 + HNO a = C 0 II B NO, I I-I 2 0 

In a similat manner all kinds of aiomatic derivatives, such as 
phenols, amines, aldehydes and acids, can be nitiated The elimination 
of water is usually hastened by the addition of concentiated sulphuiic 
acid to the nitric acid, 1 and the 1 eaction may be cat 1 led out either by 
adding the substance to be nitiated to the mixture of acids, 01 by 
allowing mine acid to run into a solution of the substance m sulphuric 
acid The nitro-compounds can be isolated fiom the 1 eaction mixture 
by dilution with water, m which they aie gcneially insoluble or 
spanngly soluble 

A more lecent method of mtiation 2 makes use of liquid 01 g-iscous mtiogcn 
peroxide in the piesence of 'iluininium chloride, an inteimediate complex being 
foimed, which for benzene has the composition 2AlClg, 3 ^ 0 .], sCjIIfl Inorganic 
nitrates, such as sodium, potassium 01 bismuth nitrites, may also be employed foi 
nitration 3 

Although there is no difficulty in teplacing all the hydiogen atoms 
in benzene with chlotine oi bromine, it has not ycl been found possible 
to effect the direct mtioduction of moie than thiee mtio gioups into 
benzene ot its denvatives In the alkyl ben/enes, the, more alkyl 
groups th*re are attached to the nucleus, the moic readily niliation 
proceeds Where only one alkyl radical is attached to the img, the 
mtro group tends to assume the ortho 01 para- but not the meta- 
position Thus toluene yields 0 - and /’-nitiololucnes, but little m- 
nitiotoluene The presence of a hydroxyl group in the nucleus 
also exerts a directive influence towaids the 0- and ^-positions, eg 
phenol gives 0 - and /-nitiophcnol On the othei hand, in compounds 
containing the radicals —CIIO, —COOII, 01 —CN, the niLio gioup 
tends to assume the meta-position Similarly, when one nilto gioup 
is already present, a second generally enters 111 the mcta-posttion 

Properties and Reactions '—The mtro-compounds aie liquids 01 
crystalline solids, the majority of which aie yellow in coloui They 
are only very slightly soluble in watei, but in oiganic solvents, such 

A mixture of nitric acid md acetic anhydride Ina been found to be a very energetic nitrating 
agent A Pictet and Khotinsky, Bcr , 1907, 40 , 1163 B A Sch'tirschmidl, Btt , 3 93 j, 67 , 
ao6$ 8 L Spiegel and Haymann, Her , 1926, 69 , 202 
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as alcohol and elhri, they usually dissolve icadily Many of them 
aie volatile in steam I hen boiling-points he lughci than those of the 
parent hydiocaibons When tiealed with sodium 01 potassium 
alcoholales, the almost colouilcss tiimtioben/cncs fonn d,n 1c ied 
addition compounds, the constitution of which has not yet been 
determined 1 In the mono-substituted dcuvatives the mlio gioup is 
flimly united to the nucleus and cannot be dnectly exchanged fot 
other atoms 01 gioups In the polymtto-compounds 01 halogen 
substituted mlio compounds, on the othci hand, the mtto gioups ate 
moie mobile, and one of them can often be lcplaccd by othci ladicals 

o Dinitiobcnzenc, fm example, when boiled with nlkali yields o nittoplicnol, and 
fl-bioinomttobcn/ene gives o dichloiobenzcne when heated to 320° with ammonium 
chlondc 3 
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Behaviour of the Niti'o-compouncls on Reduction 


The bchavtotu of the aiomattc mtto compounds on teducLion is of 
gieat piactieal and thcoiclical intciesl When 1 educed by puiely 
chemical methods the final pioducls, as m tlu, case of Lhc aliphatic 
denvalivcs, aie amino compounds 

C„II D NO, I Oil « C 0 ll fi NITj 1 2 Up 

The leaction, howevet, ptoeecds in scveial stages, and intcimediate 
pioducts aie foimcd which may be isolated One of the factois gically 
influencing the eouise of 1 eduction is the acidity 01 alkalinity of the 
solvent dui mg the lcaetion By the 1 eduction of niUobcn/cnc m acid 
01 neulial solution, Bambeigu <! showed thaL the mononuclear 
intermediate piodutt r, nitiosoben/cne and phenylhydroxylamine, aie 
first foimcd, and that these on fuilhei 1 eduction yield aniline 4 


C 0 II B NOj —-v c 0 n fJ no —c u ii r) Niion —->- c fl n fi Nrr a 

Nitiobeiveno NitnHobt.il/uic /i Plicii)U13itiovylninme Aniline 


When the lcduction is effected in alkaline solution, the simplei 
pioducts just deseubcd tend to inteiact with one anothci to give the 
moie complex chtnulcai intermediate f>rodiati } a/oxybcivene, a/o 
benzene and hydia/oben/enc 


C 0 H f) NO a C n II c N 0 

—> (l — > 

C 6 H 6 NO a C 0 H, N 

Nitrobenzene A^oxybc/wotie 


C 0 II a N C„II # NH C„H 6 NH 3 

| —-> —>■ 

C 0 II a N C 0 H c NH C c H 6 , NII 2 

Azobui/cne ilydrn^oben/enc AniJine 


1 A rinntzsclj mid Picton, Bn , 1009, 2119 ^ J Schmidt and X ndner, Bn* 1 

4103 8 1* Bambeiffer, Bet , 1894, 27 , iggo ' As will bo seen later, the oxidnlion of 

aniline to niliobenzene rcpre&cnts the reverse of the above piocesa 
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Azoxybenzene is here produced by the condensation of nttroso- 
benzene with phenylhydroxylamine, accoiding to the equation 

C ft tI 8 NO d C 5 H 5 NIIOII - C ti ll 6 N 2 0 C 0 H 6 d H a O 

whilst the interaction between nitiobenzcne and hydta/obcn/enc leads 
to the foi mat ion of azobenzene 1 

Azobenzene is also produced fiom phenyl-hydioxylanune undei the 
influence of alkali 

2 C 6 H 6 NHOH = N„ C 8 II 0 i- 3 ll 2 0 

The course of the electrolytic leduction of aiomatic monomlio- 
compounds has also been carefully investigated ® Once again 
employing nitrobenzene as oui example, the mam stages of the 
reduction in both alkaline and acid solution aie nitiobcn/enc—>- 
mtrosobenzene —>- phenylhydi oxy lamine —>• aniline Secondaiy 
reactions, as before, play a considerable pait In weakly acid solution 
nitrobenzene gives aniline m good yield, but in stiongly acid solution 
/’-aminophenol is produced, owing to the / 3 -phe«yl-hydioxylamine 
undergoing intiamoleculai reanangement 

C 0 II 6 NHOII-IIO C 0 ll i NII S 

fi Phenylhydroxylnmme p Ammoplicnol 

In an alkaline medium nitiosoben/ene unites with / 3 -phenylhydioxyl 
amine, as described above, to form a/oxybcn/enc, which I educes fui Ihei 
to hydiazobenzene The lattei, by atmosphciic oxidation, yields a little 
azobenzene, and on continued reduction is convci Lccl into aniline 

The various teactions taking place dui mg the cathodic ieduction of 
aromatic monomtto-compounds 8 have been cxpiessed giaphically as 
follows (Habei, toe ett) — 



In the above scheme the electiolylic i eduction piocesses aic 
indicated by peipendiculai and hoi izonLal at lows, and secondary 
changes by inclined airows 

1 E Bamberger, Bet , igoo, 88, a libber, Z EUk , 1898, i, 511, / phys Ch , 1900, 

83 , 27 1 8 For the electrochemical reduction of aromatic dinitro and polynitio compoundii, 

see Brand, Bti , 1905, 88, 4006 
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Desa tption of the Mote Imfio} tant Ntti o-Det ivatives of the 

Benzene Senes 

Nitrobenzene, C 0 H r> N 0 2 , oil of mubane > is piepaied technically in 
very large quantities by allowing a mtiating acid, composed of 105 
paits mine acid and 160 pails sulphuiic acid, to urn slowly with 
continuous staling into bcn/enc contained in cast-lion cylmdets By 
suitable means the tcmpeiatuie is maintained fiist at 25° f and towaids 
the end of the leaction is allowed to use to yo°-8o° The proportions 
employed aie such that the mine acid is almost completely used up, 
the sulphuric acid absotbmg the watei hbei ated Nitiobcn/enc 
sepaiates out in an uppci layei above the dcnsei acid, and is lemoved, 
washed with water and distilled 111 steam A small quantity of 
w-dnnltobcn/enc, Cflll^NOg),,, lcmains behind The lowei layei of 
sulphuiic acid is fieed fiom mine acid and oigamc mattei, and then 
concentiated and used foi fiuthci mliations 

Nitiobenzcnc is a yellow, stiongly icfiactive liquid, of sp gi 1 204 
at 20°, which like ben/aldchydc has a smell lcsunbhng that of bittci 
almonds It boils at 208° and solidifies at 5 5 0 Vety dilute solutions 
of nitiobcn/cne in watei have a decidedly sweet taste, and the vapoui 
of the compound is poisonous when inhaled Nitioben/cne is chiefly 
used m indusliy foi the piepaiation of aniline, and also in the 
manufaclmc of pci fumes and pci fumed soaps 

Dlnitiobenzouofl, C tt n 4 (NO a )* The mUation of ben/enc at highei tcmpemtiues 
yields m dtmhohcnLene) mp 90', as chief pioduct, togcthci with sm ill amounts of 
the 0 compound (m p n6°) and p compomul (m p ty?*) I he fitst of these selves 
foi the production of mtiamhno and m phenylene clmmmc, which ue used m the 
dye industiy, and is also a component ofcettain explosives 

Bym 01 1 a G Tilnltrobon?ono, C a IIq(N 0 2 ) tt , mp iai 6 , is foimed by heUmg^ 
benzene to 140° with a mixlme of nitnc and fummg sulphmic icids 

Nltiotolueno, Oil) C 0 II| N 0 2 lolucnc on nitiation yields a imxliuc of 0 and 
p nitiotohicnes containing a little of the m compound Tliese can be separated by 
fractional distillation o Ntiiotoluem^hp 218", gives o mtiobeivaldeliyde on oxida 
tion and is also used in the picpartlion of 0 mtiobcn/yl chltmde and o toluidine It 
exists m two isomuic foims, 1 a labile a modifiCiition, mp “9 4 °, and a stable 
^modification, mp -3 6 ° p NitioMuine^ bp 230° anti mp S4°> 19 converted by 
the action of fuming siilpluuit arid into p nitiotoluene 0 sulphonic acid, which is used 
m the prcpaialion of the dyestuff Ducct Yellow Puic m mtioioluen t, mp 16°, 
b p 230°, is boat picpmcd indiroctly by mil alien of/ icotololiudide and subsequently 
lemoving the acctylnmino gioup 

NO b 

cn 3 -<^ ^>—nh u —->- on r N ~nii oocrr 3 ui # -<^ p >—nii cocii a 

~ “ NO 0 ~ 

— > GTI * “ < \_/ > 

1 I Knocvcnagcl, Bti , 1907, 40 , 508 



380 


AMINO DERIVATIVES OF BENZENE 


2 4 6 Trinitxo tert butyl toluene, C 0 H[NO 3 , NO a , NO a , CII 3 , C(CII 3 ) g t=s 
2 4 6 i 3], m p 97 , smells powerfully of musk and is brought on to the innket as 
artificial musk (mixed with 8o pel cent acetanilide) It is obi lined by the nutation 
of butyl toluene (prepared fiom isobutyl chloride, toluene, and Uuinmium chlonclc) 

II—AMINO DERIVATIVES OF BENZENE 

The aromatic amines may be cleaved thcoielically from ammonia 
m the same mannei as the aliphatic amines In the tiue aiomatic 
denvatives the nitrogen is attached dnectly to the benzene nucleus, 
as in C 0 IT 5 NH 2 and NII 2 C fl II 4 CII Q When, howevci, the ammo 
group is linked to a cat bon atom of the side chain m an alkyl 
benzene, as m the case of C 0 H 6 CII 2 NH a , we aie dealing with a 
substituted aliphatic amine, with piopcitics like those of the alkyl 
amines The tiue aiomatic amines undcigo many of the inactions 
given by the fatty amines (pp 160 et seq ) but diffci fiom the lattci m 
a number of points Foi example, the aiomatic denvatives aie wcaket 
bases than those of the aliphatic senes, owing to the acidic chaiacter 
of the phenyl gioup In addition, pnmaiy and teitmiy aiomatic 
amines diffei fiom the concspondmg aliphatic compounds m then 
behaviour towaids nitious acid 

1 Primary Monamines 

Methods of Formation —The pnmary aiomatic amines aie almost 
always piepared by leducmg the coriesponding mtio-compounds 

C 0 H 5 NO 2 + 6H « C 0 II f) NH 2 h zll 2 0 

This can be effected m vauous ways, such as by the use of /me and 
hydrochloric acid, tin or stannous chloncle and hychochloiic acid, non 
and hydrochlouc acid, alcoholic ammonium sulphide, oi by electio- 
chemical methods The mteimediate pioducts which aie foimed 
under different conditions have alieady been deset ibed in detail in 
the foregoing pages 

Amines nmy be obtained from phenols by heating them to 150° with the double 
compound of zinc chloride ind ammonia, (ZnCl 3l Nib), C 0 II 6 OII I NII S 
= CoIl6NH a +H a O The substitution of an amino-gioup foi a phenolic hydioxyl 
group or a halogen atom attached to a benzono nucleus takes place 11101c icadily 
when mtro groups aie also present m the compounds Sulphonic acids, in many 
cases, can be transfoimed into amme3 by heating with sodunndo 1 

The exchange of the —COO II group of aromatic cm boxy he acids for the ammo 
group may be effected m the same mannei as with the aliphatic acids 

Among othei methods of piepanng amines maybe mentioned one 
discovered by A W Hofmann When aniline is heated to a high 
tempeiatuie with alkyl halides, an N-alkyl denvative is fitst foimed, 
which changes by mtiamoleculai reanangement into a mixtiue of 
nucleai-substituted anilines The piocedure lecommended by Hofmann 
is to start with the hydiochloiides of secondaiy 01 teitiary fatty- 

1 I Snchs, Bey , 1906, 89 , 3006 
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aiomatic amines, oi the quaternary ammonium salts, and heat m 
closed vessels at a tempciature of 250° to 300° Ethylanihne hydio- 
chlonde, foi example, fits! yields ftec ethyl chlonde, and this then 
bungs about substitution m the benzene nucleus 


C H 

S >NII HC1 -> C 0 II fi NH a + CnH* Cl 

c,n/ 


Colli NII 2J HC1 

> I 


By this means Hofmann picpaicd an aniline dcnvative in which all 
five hydiogcn atoms of the ling wcie lcplaced by methyl gioups 

(Clla^CoIIg N(CII,) 2 ,1II —> (CII 9 ) 0 C 0 Nil,, III 

It should be noted that this icaclion is not only of scientific intei cst, 1 
but is also of gicat piactical value It is employed on the technical 
scale foi the pioduction of the aniline homologucs lequned in the 
dyestuff industiy 

Ptopei ties and Reactions ~Thc piimaty monamino-compounds aic 
colouilcss liquids 01 solids, which me volatile with steam and can be 
distilled without decomposition As ahead), mentioned, they aie weak 
bases which do not give an alkaline icaction With the entiancc of 
clcctionegative gioups such as Cl and N0 3 into the nucleus, the basic 
chaiacter becomes still wcakci, and the salts of these substituted 
anilines aie cilhei dissociated with walei 01 incapable of existence 
Fiom the chemical point of view, the pum.uy aiomatic amines 
tcscmblc the fatty compounds in then behavioui towards alkylating 
agents, acid chlondcs, aldehydes and chloiofotin (see p 124) Ihcy 
diffei mainly in then icactton with mtious acid, which in acid 
solution convctls them into dia/o-compounds In the ammo-benzenes, 
the nuclcai hydiogen is fai moic leadily substituted than in bcn/enc 
itself, and in the same way the amines aic much moic susceptible 
to oxidation than the hydiocaibons I he vanous pioducls obtained 
by the above leactions aic desetibed in detail undei aniline 

Accoiding to conditions, biominc may lcacl with aiomatic amines 
at the oidmaiy tcmpciaLtuc to foim substitution 01 addition com¬ 
pounds A study of this icaction has lcvealed a nuinbet of lnleicsUng 
rcgutaiitics in connection with substitution 2 


A in tine and its Derivatives 

Aniline, phenylanime , C 0 II 6 NII a , is piepaicel technically fiom 
mtiobcnzene I he lattei is mixed with a little watci in a casl-uon 
vessel piovided with stnung appaiatus and a lefiux condcnsei Steam 
is led m to waim the mixtuie, to which non filings and hydiochlouc 

1 Asimilai mtqtaiwn of alkyl groups has been observed with donv'itivea of othei cyclic bisea, 
such ns pyridine, pyrvine, pyrrole and pyra?ole a See K Fricsj Ann t 1906* 84 S, 128 
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acid aie then added Only a small piopoition (about of the 
amount of acid requned by the equation is needed in actual ptactice 1 

C 0 II 6 NO 2 4 2 Fe + 6IIC1 - C 0 II 6 NII 2 \ 2FeCI 8 4 2lI a O 

At the end of the leaction milk of lime is added, in oidei to decom¬ 
pose the amlme hydrochloucle formed, and the fice aniline is distilled 
over in steam and fiactionated tn vacuo Foi the inteimediate stages 
in this reduction see p 378 

In the pure state aniline is a eolouiless stiongly left active liquid 
of sp gr 1 024 at 16°, which boils at 189° and solidifies at —8° It is 
only sparingly soluble in watci and is poisonous 

Aniline is eas ily attacked by oxidising agents, the pioducls 
obtained depending veiy much on the conditions of expci imenl 
They may be conveniently classified as mononuclear oudatton fiio* 
ductSi such as phcnylhydioxylaminc, mtiobcn/cne and qumone, 
dmucleat products , such as a/oben/enc, a/oxy benzene and qumone- 
dumine, and those which may be teimed poly nucleon , such as 
emeralduic and aniline black, which lesult fiom fuithei chain foimation 
and secondaiy icactions 2 The genetic connection between these vauous 
pioducls of reaction is summaused m the following table, 3 in which 
the senes in the first line, connected by liou/ontal allows, is exactly 
the reverse of that given on p 378 foi the 1 eduction of mtiobcnrenc 


NH a 

Amlin c 


C # H UN 

vO 

Qumone 


> C,jH s NH Oil - 

/3-Fhenylhy<lroxyl iminc 


-> C a II 6 NO 

Nitrosobui/cnc 


-> CH. NO 


6^*5 -iTwg 

Nitrobenzene 



> 




NH 





* / 

N < 


Azop 


4 

icmno 



\ 


I 

C 0 1L N N CJI 


<J AjL 0 


4 EmenUlmc —^ Nigrauilinc 


Pcrmgramlmc 


t 

Induhne 




P s cu d (Hmuv e m c 



Qumone 


1 For an expl'in'xtion of this, ace A Wohl, Ber , 1894, 2V, I ^36, 1815 The 1 eduction nmy tilao 
be effected by means of iron mid neutral salts (eg Nad) m uqucoiiB solution, RET yons and 
1 , T Srmth, Ber i 1927, 60,173 9 WillstUtter, J 3 ei , 1907, 40, 2665 , 1909, 42, 2l47t 41XS 

9 S Goldschmidt, Ber , 1920, 63, 28 
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An exceedingly delicate test foi the presence of aniline consists in 
treating it in aqueous solution with a solution of bleaching powder 
(Rimge), when a deep violet coloiation is pioducecl, which changes 
rapidly to a duty icd tint Anothci chaiacteiistic icaction of aniline 
is the fotmation of a deep blue 01 black coloui (aniline black) when 
potassium bichi ornate is added to a solution of the base m sulphuiic 
acid 

Halogens 1 caddy yield substitution derivatives with aniline Bionline, foi 
example, converts it into 2 4 6 inbiomo amlun , a leaction which may be used foi 
the quantitative estimation of aniline By inter iction with sulphui, aniline forms a 
clmmmo diphenyl sulphide, (NH 2 tnp 108, in which the ammogioups 

occupy the / positions to tlie sulphiu atom 

The most important salt of aniline is the ieadily soluble liydiochloride, C 0 H G NH 3l 
HCl, known technically as aniline salt The sulphate (C a lI D NII 2 ) 3 II 2 SOi is only 
sparingly soluble in water 

Aniline leads with aromatic aldehydes with elimination of watci to foim Schtjf's 
basts 01 anils 

G 0 IJ tt CEIQ 1 IJ 2 N Gflllfl =: G 0 1 I C CII N C 0 II, *-n 0 O 

IJouzyUftoHO anllJno 

If the hydiogen atoms of the amino-gioup in aniline ate icplaccd 
by 01 game acid radicals, compounds teimcd anilides ate pioduced 
These can be picpaicd by heating aniline salts with the icqimed 
01 game acids, 01 by the inlet action of aniline and an acid chlondc 01 
estet The best known example of this class is acetanilide 

Acetanilide , C 0 II fi Nil CO CII B , may be picpaicd by heating 
acetic acid with aniline 01 aniline acetate 

CII a COOII | NII 2 C fl II G - CII 9 CO Nil Coll* bII a O 

It melts at 112“, boils at 304°, and is only veiy spanngly soluble m 
cold water, fiom which it ciystalhscs in small white plates Acetanilide 
is employed in medicine as a febrifuge undu the name of antifebnn 

Nitric acid icacts vigorously with aniline, convening it into resinous products 
Hence, in oulei to obtain mono and dimtio dcuvatives the ammo gioup must first 
he piotectcd This can be done either by acctyUtmg the aniline befaic nitirUion, 01 
by nitiatmg it with a mixtmc of nitiic aetd and much sulphuiic acid In the latter 
c ise all thicc isomciic mono mlto compounds are formed together, vi^, o nih<unltne y 
mp 71 , m mhmnhni % mp rnf, rncl p nitiamhnc^ nip 1 \y Q t whereas when the 
aniline is fiist acclylalcd the j) mlto compound is the chief product 1 Ihesc 
mtmnihnes can also be picpaicd by the paitial 1 eduction of the cm responding 
dmitrobenzenes by means of ammonium sulphide 

Ihe cntiancc of the mtio gioup into the molecule considerably weakens the basic 
character of aniline I hm is illustrated by the following lectuic experiment devised 
by J Thiele, which also ofieis a charactensuc example of the influence of substituents 
in the benzene lmg Ihe three finely powdeied mtianilmcs aie dissolved m a little 
concentrated sulphuiic acid contained in three test lubes, and the coloui less solutions 
poured into water The gieatei pail of the 0 nitramlme is precipitated with the 
development of a stiong yellow coloiation, the fi nitiamlme remains m solution but 
is coloured distinctly yellow, and the m mtianiline is neither precipitated 1101 

1 A P llotlcmnn, Bet , 1911 , 44, 7°1 
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coloured Fiom this it maybe concluded that the effect of the ratio gioup on the 
basic properties of the amino group is most maikecl m the o position, somewhat less 
in the^fr and least of all in the m position 

Oaibonlo Aoid Derivatives of Aniline 

The anilides of cn borne acid correspond to the carbarn ides and may be obtained 
m a similar mannei to these (see p 331) 

Phenyl urethane , C 0 H 6 NU CO GC 2 n ftl cm be prcpaied by the action of aniline 
on chlotocarbonic estei Carbamluh 01 sym dtphmyl uua^ (CqII 6 NII) a CO, mp 
235 th , and phenyl una y C 0 II fl Nil CO NII^, mp 144, me obtuned by special 
methods, cjr from mil me sulphite ind potassium cyuiate, or by lie itmg aniline 
with utea Phenyl lsooyanate, C 0 II 6 N C O, bp 166 0 , can be ptepaied by 
treating aniline 01 Us hytliorhloride with phosgene, 01 by chstilling phenyl methane 
with phosphorus penloxide It is a colourless liquid, the vapoui of which Ins a 
lachrymaloLy action Phenyl isocyanate 1ms often been employed m the examination 
of tiutomenc compounds, particularly for showing the piescnce of a hydioxyl group 
The interaction of equimolacuWr quantities of phenyl isocyanate and a hytlioxy 
derivative leads to the formation of a phenyl catbamtt esfct } according to the equation 

0 O 

R OlIlO N C a II 0 = RO—C—Nil C 0 II 0 

Later research, howevei, has shown that this substance is not a rcluble teagent foi 
the hydroxyl gioup 1 Unde* the influence of vatious substances phenyl isocyanate 
polymeiises to tnphenyl isocyanate, mp 274 0 In contact with watei it yields 
diphenyl urcT 

/ hiocatinmihde , diphenyl tlnomea, (C 0 II 0 NH)2CS, is piepaicd by boiling amlmc 
with carbon disulphide 

CS fl 4 2lI a NC 0 n o - H a S \ CSCNIICoII^ 

It is obtained m tlie foim of colouiless plates, mp 154 th When heated with 
concentiatcd hydiochlouc acid it decomposes into amlme and phenyl i^othiocyanate 
(phenyl mustard oil), C 0 II 0 N C S, a colouiless liquid of pungent smell 

Monamtno De> ivaiives of lolucm 

Tolui&Ines, CII 3 C 6 II| NH S <—T.ho oitho and paia dcuvativcs me 
obtained by 1 educing the couc&ponding niUololucnes with non and 
hydrochloric acid, and aic employed in the manufactiuci of a/o- and 
titphenyl methane dyestuffs £>'Tolmdinc is a liquid, bp 197 0 , and 
^-toliudme a solid which melts at 45 0 and boils at 198° ///-roluidine 

can be picpaied fiom ;/^mUoLolucne (obtained by mdncct methods, 
see p 379) and is a liquid, b p 199 0 

Benaylatnine, C 0 II 6 CII 2 NH 2 , bp 183°, which may be lcgaided 
as a phenyl-substituted methylamine, is formed by the methods 
described undei aliphatic amines, eg y by healing ben/yl chloride, 
C 0 H 6 CH 2 C 1 , with ammonia, or by the 1 eduction of phenyl mtio- 
methane, C 0 II 5 CH fl NO s It is a coloutlcss liquid, and in its chemical 
properties lesembles methylamine It dissolves in watei to give a 
sttongly alkaline solution and yields no duuo - compound with 
mlious acid 

1 See Diecknimn, Hoppe and Stein, Bet , 1904, 8*7, 4627 Mlchxcl, Bet , 1905* 23 

H Goldsdimidfc, Bet , 88, 1896 
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2 Secondary Monamines 

Finely aiomatic secondaiy amines may be piepaicd by heating the 
pnmaiy bases with their hydiochlonc acid salts l<oi example, by 
heating aniline with aniline hydiochlonde at 220° to 230° in an 
autoclave, diphenylamine, (C 0 II n ) 0 NII, is foimcd 

c fl n c Nii 2) irci nijNQii,, - riN(c lt n 6 ) } i nii 4 ci 

Anothei method of picpanng compounds of this type is by the action 
of biomobcn/cne on pnmaiy aiomatic amines, in the picsencc of a 
ttace of cupions iodide as catalyst 1 Diphenylamine is a coloiuless 
ciystallmc substance, rap 54 0 and bp 310°, which is used in the 
piepaiation of diainino - diphenylamine and a/o-dyes Its basic 
piopeities aie so weak that its sails aie decomposed with watei 
On the othci hand, the hydiogen of the linino gioup is icplaccablc by 
metals With nilious acid it yields diphenylmtiosaminc, (C 0 II 0 ) f N NO 
Diphenylamine is lapidly attacked by oxidising agents, yielding a 
pioducl which gives an intense blue colointion with conccntiated 
sulphuuc acid Hence it is employed foi the qualitative detection of 
mine and nilious acids I his behavioiti is due to the fonnation of 
teliaphcnyl hydia/mc, which gives the above sinking coloui icaction 
with conccntiated sulphuuc acid ' 

2(C 8 II f ,) 9 Nn —> (C a II#)aN—N(r - n fi ), i II,o 

Diphenyl online f ttrophcnyl hycli a?»nr 


becondai}' nil 1 ed tu0main' amuits 01 plienyl-alkylamines may be 
piepaied fiom alkyl iodides and the acetyl denvatives of pnmaiy 
aiomatic bases 8 Metliylauiline, foi example, is foimcd in this mannei 
by the action of methyl iodide on the sodium salt of acetanilide, and 
subsequent lcmoval of the acetyl gioup by hydiolysis 


C(jHf,N 


.COGII 

^■Na 



f n II 6 N 


A OC II 
XAI, 



CflUftN 


n 

Cl I, 


Ihc secondaiy mixed aiomatic amin< s aie sliongei bases than the 
pm cly aiomatic compounds When tieated with nilious acid they yield 
nilioso denvatives, ( n II n N(R) NO, which with weak icdiuing agents 
aie convened into hydia/incs, t' 0 If fl N(R) Nil,, and on cneigctic 
leduction icgcneiate the onginal secondaiy amine 


3 Tertiary Monamines 

In tins case also a distinction must be diawn between compounds 
of putcly aiomatic and those of mixed ahphatic-aiomatic natuic A 
point of outstanding inlucst is the behaviom of phenyl dialkylamincs 

1 1 (.oklbeig, lin , 1907, 40 , a S41 a Wit! iixl, Jin , Hjo 5 , 80 , 1(99 F Weilr and 
II W ScM\cchlcn, Bet 1 If>27, 00, 1203 ] l*or dclmls of pic^uaUon fiom monnlic nnimt.8 
nlk^l bionmlt-, sco W J niLkinlioUtun, / C t 6*, 1080 , 992 


2 Ji 
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towaids nitious acid Wheieas leiliaiy aliphatic amines do not icact 
with nitious acid at all, mixed amines of the above type aie bans 
foimed by this leagent into /-mtioso-compounds (sec below) A 
small propoition of a nitro denvativc is also foimed as a by-pioducl 
in this leaction 

Tettiaiy phcnylannnes eithci fail to icact with nitious acid 01 
undeigo nitration in the nucleus 

TiIplienylamlne, (C a H 6 ) 3 N, cm be obtained by the action of biomobenycnc oil 
dipotassium aniline, C a H 6 NK,+ 2 C a H 0 T 3 r = (CQH 6 ) 3 N + 2KBi It melts at 127 0 21111 
foims no salts with acids 

Dnnetliylamline, C 0 H 6 N(CH ? ) 2 , is foimed by the raelhylation of 
aniline, and is piepaied mdustiially by heating aniline hydiochlondc 
with methyl acohol m autoclaves 

CaH^NH^HCl + aCHjOH = C 0 II 8 N(CII a )„ IIC 1 1 2 ll ,0 

The lesulling hydrochloude of dimelhylaniline is iicaled with milk 
of lime, and the free base lemoved by distillation in steam It is an 
oil of peculiar smell, boiling at 192 0 With diy hydiogen chlonde the 
base yields a mono- and a di hydiochlondc, both of which leadily lose 
hydrochloric acid 1 A numbei of the chai actci istic 1 c.icLions of 
dimethylamline depend on the extraoidinaiy mobility of the hydiogen 
atom m the pata-position Thus with nitious acid it gives / nltooso 
dimethylamline, (NO)C 0 H 4 N(CH 8 ) 2 , crystallising m green leaves or 
plates, mp 85 0 The hydrochloude of the nitioso-base ciystallises in 
yellow needles, melting at 177 ° When p nitioso-dimclhylamhne is 
reduced with zme dust it yields /-ammo dimethylamline, NII S C 0 H 4 

N(CH 3 ) 2 , which, like the mtioso-compound, is used in the manufactuie 
of numeious dyes 

Dimethylamline condenses with aldehydes in such a mannet that 
the paia hydiogen atoms of two molecules of the base unite with the 
aldehydic oxygen to form water 

„ „ /C e U,N(CII s ) 2 

H CH O + 2C 0 H fi N(CII B ) 2 = H 2 c/ ( I 1 2 0 

\C 0 II 4 N(C1I b ) 2 

1 4 

Formaldehyde Dimethylamline Tetrametliyl clriin]no 

dlplienj'lmclhanc 

Acid chlotides leact in a similat way, 

/C 8 H, N(CII 3 ), 

OOCIjj + aC 0 H 6 N(CH 8 ) 2 = CO< 3/ “ 4 2IIU 

\C fl H 4 N(CII 8 ) a 

Phosgene Dlmethyhmhne Michlei’e ketone 

1 R Schell and Escales, Bet , 1897, SO, 3131. 
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When tteated with an aqueous solution of hydiogcn pci oxide, 
dunelhylamlinc takes up an atom of oxygen to foitn a pioduct of the 

C a II 6 N (C 11 ,) 2 , 

foimula [| known as dimetJiylanihnt o-xide, fiom which 

O 

oxygen can icadily be lcmovcd to give the ouginal base 

This behaviom towaids hydiogen pci oxide is pecuhat to all 
aiomatic amines of the type Ai N(Alk)^ 


4 DIaminas and Poly amines 

Aiomatic diamines may be piepaicd by the teduction of the 
couesponding dimlio-, mtioammo-, 01 aminoa/o compounds 

Foi example, tn fthutylun, diamine, GolI^NI^),, m p 63° anti bp '’87°, is 
obtained by the lecluction of m dmiliobcn/cnc with 7111c dust and caustic soda, 
and o phenyjene diamine , mp 102° and bp 252, in a sinnlai mannci fiom 
o mtiamlinc p I’keuyluie diannm, m p 147 0 and b p 267 , is piepaicd by inducing 
anunoazobenrene with tin ind hydiochlonc acid 

C 0 IT c N N C„II, NIIj 1 ill » C 0 U„ Nil, I IT,N C 0 n, NIT, 


The diamines aie solid compounds of strong basic piopcitics 
Then reactions diffci accoiding to the positions of the amino-gioups 
c-Diamines ate distinguished by the case with which they condense 
with a vanety of othci compounds lofotm cyclic denvativcs thus 
when heated with 01 game acids they yield mnna/olos, with aldehydes 
they yield aldehyde tics, and with 1 2-dikclones they yield quinoxahnes 


Nil 



N 

I min wolcs 


N 

CR 
N—CIIgR 

Alddiydmea 



N 

S\/\ 


CR 


CR 


V'V* 

N 

O in noxi lines 


The quinoxaline leaction 1 is useful as a qualitative lest foi 
^-diamines as well as foi t 2-dlkcloncs 

iw-DIaminee, when ticated with nilious acid, give biown dyes— 
aminoaro - compounds—-pioduced by the condensation of several 
molecules of the diamine (JiismtviL blown leaction) Ihc/-substituted 
w-cllamines do not give this coloiu test 

In neulial 01 dilute mmeial acid solution w-diammes may be 
coupled with dia/olised aniline to foi m diannnoa/o-compounds known 
as c/uysoidines 

The most impoilant icaclions of the p diaminea aie the following 
With oxidising agents, eg, when boiled with manganese dioxide 

1 0 llinslcig, Ann, 1887, 287, 32?, 312 
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and sulphunc acid, they icadily pass into qumones, which may be 
lecogntscd by then pcnetiatmg odoui 

C„II 1 (NH,) g + H .0 + O = CjHjO, h 3 NIl 8 

i> Phcnylene diamine Qulnonc 

By the action of feme chlonde on / diamines in the piescnce of 
hydrogen sulphide, theie arc formed blue, violet, 01 cum son led dye¬ 
stuffs, which contain sulphiu Mixtuics of /-diamines with phenols 
yield on oxidation datk blue uidopheuol dyestuffs Similatly the 
oxidation of mixtmes of/-diamines and pnmaiy monammes at the 
oidinaiy tempeialuie leads to the foimation of highly colouied 
tndamines > and at highei tempei atm cs of safuinines 

Amines containing lluee 01 moie amino-gtoups in the nucleus 
vciy icadily undeigo oxidation, and then instability increases with the 
number of such gioups piesent 


III NITROSO- AND / 3 -HYDROXYLAMINB DERIVATIVES 

Jl/oHomttoso denvatives of the a> oviatic hydiocaibons aie obtained, 
in general, by the action of certain oxidising agents (cold monopet - 
sulphiuic acid, 01 potassium bichiomate and sulphunc acid) on the 
conesponding ammo compounds Ai NH 2 —>-Ai Nil Oil—>-At NO 
Like the aliphatic nilioso denvatives (sec p 154), they aie very volatile 
and exist in chffeient moleculai states The solid aromatic mtioso- 
compounds aie colomlcss and bimolcculat, but in solution, 01 when 
fused, the great majoiily of them assume a blue 01 gieen coloui and 
give moleculai weights conesponding to the monomolcculai formula 
At NO On fuither oxidation the mttoso compounds icadily pass 
into mtio-compounds, and on icduction they yield amino-compounds 
*lhe typical aiomatic repiesentativc of this class, nitu'osobenzene, 
C q H b NO, is obtained by oxidising /3 phcnylhychoxylaminc with 
potassium bichromate and sulphunc acid It is also fanned when 
aniline is oxidised («) m sulphunc acid solution with potassium 
pot manganate, in the ptesence of a little fonnaldehycle, ( b ) with 
monopei sulphunc acid (Cato) It ciystalhses in coloui less volatile 
needles, mp 68°, and possesses a poweiful chaiactciistic smell In 
the molten state 01 in solution it is cmciald gieen in coloui 
It is readily oxidised to niti oben?enc 01 1 educed to aniline 
Nttiosobenycne condenses with aniline to foim a?obcnzcnc, and 
with jS-phenyl liydioxylamine to form azoxybenzene (see p 378) 
jS-Atylhydioxylammes aie piepaied by 1 educing aiomatic nitro¬ 
compounds with neutial tcagents such as zinc dust and ammonium 
chlonctc solution, 01 ammonium sulphide They aie also obtained 
by electiochcmical leduction, m which case a cathode solution of 
acetic acid and sodium acetate dissolved in watei 01 othei solvent is 
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best employed 1 They leadily 1 educe ammonmcal silvci solutions and 
Fchling’s solution, and when dissolved in watei lapidly take up oxygen 
ftom the an, paiticulaily in the picsencc of alkali Those aiyl- 
hydioxylamines in which the /-hydiogen atom is not substituted aie 
tiansfotmed by sulphunc acid into the lsomeiic /-amino-phenols 
(see below) 

^-Plienyl-hydi’oxylamine, C 0 II B NIIOII, is obtained by ieducing 
nitiobcn/cnc by the above methods It is a white ciyslalline com¬ 
pound, mp 8i° I he powdcicd substance induces violent sneezing 
Atmosphei ic oxygen convcils it into a/oxyben/enc, and with moie 
eneigelic oxidising agents it yields nitiosoben/enc It icduces 
Fehling’s solution and ainmomacal silvci nitiate, even in the cold 
With acids it combines to fonn salts, and when wanned with mmeial 
acids is readily lsomeuscd to^>-aminophenol 


C 0 II 6 Nil Oil->■ IIO C 0 II, NIL 


Nitious acid convcils it into a mlioso dciivalivc, C 0 II 0 N(NO)OII 
This nit) osophenyl-hy<t)o\yfamine is moie conveniently obtained by 
the action of mtuc oxide on an cthcieal solution of phenyl magnesium 
bi omide 



- O N N O 


OMgI3i 

->- O N N<f -> O N N 

\r it 


on 

c 0 n 6 


Diphenyl hydioxylamlno, 5 (C fl H 6 )jN OH, is piepured by lieating nitiosobcnzene 
with phenyl m igncsium bionnclc 

C JI 6 NO I C 0 II fl MgBi Cr 8 II t ) a N Oil I MgBiOIl 


It is a beautifully crystalline coni pound winch melts with decomposition at 6o°, 
and is of intercut in connection with the discovciy of divalent nitiogen denvativos 

introgon diplienyl, and otliei diaiyl denvativos of divalent luUogcn, 

aie foimed as a result of the dissociation of lettiaiyl hydia/mos a NiUogcn 
diphenyl bcais the same lelrUionslup to diphcnyl-hydioxylammc ns nituc oxide to 
nitious ncid 

(t\,n 0 )N ccyr^.N oil CC fl ii n ),N o 

ON ON on O N o 

The picscnce of nttiogcn dijihenyl m a solution of tettaphenyl hydta^ine can be 
detected by its unsnluuUtd piopemes WJicn, foi cxunplc, nilnc oxide is passed 
into a solution of the hydra/ine in toluene at 90° diphenyl nitiosamino is foimed, 
pioduced by union of the two divalent mitogen gioups 

CC «ri 1 NO —> (CoII^N NO 

The dissociation of totiaphony 1 Jiydi into the free ladical (C tt II 0 )jN is exactly 
analogous to the fonnation of tnphcnyl methyl ftom hcxaphenyl ethane, which will 
be discussed lntci 

c^n f ),N NcOfiii,), —2 (UH w ),n 
(C a Tl c ) } G CCC tf iI 0 ), —> 

1 II ibei, / Lid , 1897-98, 4 , goC , B, 77 K Bund, Be* , 1905, S£ 3 , 307O J IT Wicland, 
Bet , 1912, 46 t 49^ 1 II Wialumt, Am , rpn, 801 , 201 , 1912, 8 92, X$6 , 1913, 401 , 233 , 

Bet t 1913, 40 , 2G00 


2 112 
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AZOXY-, AZO j AND IIYDUAZO-COMPOUNDS 


Anoiliei compound which tends to dissociate in solution into a denvative of 
divalent nitrogen is )u xaplunyl tettazane 1 In the solid state this is monomolecuhr, 
but in BohitJon it laigely exists as i>iphenylhydtazyt 

CC 0 lI c ) w N- N-N-NfCoU,), —->■ 2 k C JI,)„N-N - 

n 0 C 0 C 0 H 6 OflU, 

Diphenyl nttilo oxide/ 1 (C 0 II 5 )>N O, is obtained fiom diphenyl hydioxylaminc by 

oxidation with silvci oxide (ColI^N Oil--> (C n U fl ) N O It is an uulogue 

of mtiogcj* dioxide (sec above) from winch it is domed by the leplaccment of an 
oxygen atom by two bcmcnc icsulues It ctystallises in deep ice! ncedks, nip 62*, 
and in m my wivb icscmblcb NO, Like the hutei it shows 1 chuactuistic band 
spectuim, mtl its coloni in solution lescmblcs that of gasc ous NO^ but is of a df epej 
ird It unites with otlici 1 ichcals such as mtiu oxide, mitogen dioxide and tuphenyl 
mcth >1 With NO itfonnb (C 0 1 I 5 ),N( O) NO, wlmh then undeipoes mtiamolcculai 
11nu mgement to give p mho diphcnvUmmc, ON C^TIj Nil C 0 lL r I he fust 
stage of this itaction is compauxble to the foimnlion of N Ojftom NO and NO a 


XV —AZOXY-, AZO~ AND HYDRA0O OOMPOUNDS 

ihe a^oxy ( ompouiul» ate genu iHy piepaied by tic Umg lniio dcuvalivcs with 
sodium nulhoxide 01 sodium ethoxido, sodium ninalgini, or magnesium and 
iiunnoimim chlmide solution, e m also be employed its the l educing agent They 
me yellow m led 111 colnm, uystalhse well, and on finihci icduthon yield a^fo , 
hydwi/o and immo compounds With modciatily w mil umecnlialed sulphuric 
at id they ismnt use to hyduny aw compounds 

() 

A/oxyhon/ono, < 0 H ft N N t n II rj , is best pupated by boiling nitrobenzene 
with a methyl alcoholic solution of sodium melhoxidc 

O 

4( iiTIi, NIL » 3i IU ON a flUn N N ( *U n 1 all ('OONa \ jII.O 

Hoilluin fm matt) 

H ftmns |iil< yellow uystils^mp 36 When wanned with etmccnliated sulphnnr 
at id it iscmu ust s into p hydioxy a/oben/ene * 

u 

( N W ( 0 U, N N ( n IJ! on 

A/oxy t ompnumU wen foimuly U heved to ponuess the symmcluc il structure, c q 
i) 

( ,,II f N N C tt M ( An imsynimdiu id 11/0 torn pound, howcvci, was shown by 
An^oh lo give rise m some instances to two isomeric a/oxy rompounds lhc 
synuncUKid foimuhi has theiefoie been abandoned Speclioscepic observations 4 

N( OJ N C j} Hdh 

< „!!, N N 

'' v i.C () II f N Nf O) t’jiyir 
ill to Minium tin imsymmcluctil atmcuuc 

1 S (...MiuhnmH mill to woikciu, lift , Jyso, BO, ,, , lyja, 66, Gift, Ann, 191 ,,48V, 19 ) 
I] \Vj« 1 mil, J>/>, iyj t, 17, mi J ltjK>, 60, 210 , 1922 , 6B, i?(jB # WuUuch ,tin , 1880 , 
210, $26 . tH»i, li,a(u/ Iluiiliutfu, Hit , lyoo.O'J, 3192 Iw 1 I 11 . itiove cuensnulUimnmt 
„l (ti L o t on,) mi ml in iIjo foil tied 1 Iv vcm Auwuit mil UcnnUc, lUt , iya 8 , 01,1037 
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A r o-compounds may be obtained fiom nitio-compounds by leduction 
with sodium amalgam 01 an alkaline solution of stannous chlondc, 
fiom aroxy-compounds by cautious heating with non filings, and from 
hydrazo-compounds by oxidation As will be seen latci, aminoazo- 
compounds, the amino dcnvalivcs of a/o-compolinds, aic foimed when 
hydrochloiides of atomatic amines aic wanned with diazoammo- 
compounds 

The a/o compounds aie ted to yellowish-icd ciyslallinc substances, 
which on fuithei icduction yield fiist hydia/o-compounds and finally 
amines They aic vciy stable and may be distilled without decom¬ 
position, diffeung in this tespcct fiom the unstable diazo-compounds 
to be dcscubed latci, which contain two mitogen atoms united 
with one hydiocaibon ladical and an acidic atom 01 gioup (eg, 

C 0 II B N« Cl) 

Azobenzeue, C 0 IT fi N N C 0 II 6 , is piepaicd by distilling azoxy- 
benzenc with non filings 

CyC N( O) N C (1 IT r , I Fe * C 0 ir rt N N C tl II 6 l FeO 
It foims oiango-icd uystals, m p 68" and bp 295 0 

Azoben/one icacts with benzene m llie presence of hyehogen chlondc and 
aluminium cliloitdc, ^iv'ing mtcimcdialc pioducts winch aic convcilible into amttw 
diphenyl 1 

O 0 II D N N OplI, Nil 

Xylene, diphenyl, naphthalene, anthiaccnc and phenol aio still moic icadily 
phenylatcd in tins way 

llydmzo compound';, R Nil Nil R, ate p tod need by the i eduction 
of af , o-compounds with ammonium sulphide, /inc dust and alcoholic 
potash, sodium amalgam, oi sodium amylate They may also be 
piepaicd dncctly fiom niti o-compounds by induction with /inc dust 
and alkali, oi by elccliochcmical means 

The hydia/o-compounds, which may bo lcgaidcd as s^nniueliical 
dcnvalivcs of hydin/inc, NII a NII 2 , me colourless ncutial substances, 
which aie icadily oxidised to a/o-compounds In the piescncc of 
mmeial acids they undeigo a pcculiai inliamoleculai change (sec 
below) 

Hydrazobeuzone, C’flllg Nil NIT G 0 H C , foims colouiless leaves oi 
plates, m p 131°, is easily oxidised to a/obcn/cnc, and with cncigclic 
leducmg agents yields aniline When heated, it decomposes into 
arobenzcnc and aniline 

2cyi, nii nii cyi 6 =- cyr 5 n n cyi 6 1 2 cyi ri Niii 

Undei the influence of mutual acids hydia/obcni'cne undeigocs a 

1 R I’tiinmerci, Vet , 1931 , 01, a ?68 , rga 6 , 00, 2175 
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BENZIDINE TRANSFORMATION 


lemaikable intiamolecular change, the chief pioduct of the leaction 
being a base known as ben,idme or ^-diamino-diphenyl 


/ 

\ 




Nil NH 


/ 

\ 


\ 

./ 


-> 


H a N 


/ 

\ 



NII 


a 


Hydr uoben^ene 


Hcu/uhnc 


Consequently, when hydrazobenzenc is fanned by the ieduction of 
azobenzene in acid solution, it is immediately tiansfoimed into 
benzidine The lattci is picpaied technically by reducing tnlto- 
benzene to bydiazobenzene by means of zinc dust and sodium 
hydroxide, and heating the pioduct with acid Bcn/idine and its 
hoinologuc tohdine die of value m the piepaiatiou of substantive dyes 
(see these) 

The intiamolcculai change dcscnbcd above is also undergone by 
othei hych azo-compounds in which the two paia-positions aie not 
substituted, and is known gencially as the betmdtne t> nmfoi mation 


It is obvious that this change cannot talco place in the same mannci if one of the 
two para hydrogen atoms of the hydrazo compound is aheatly replaced by a 
substituent Hie < ouise of the leaction in this case was caicfttlly e\ammed by 
Jacobson and his co woikcrs, 1 with results which may be suvnmansed as follows 
Hydrazo denvalives in which one pain position is substituted may undergo a partial 
transfeumation to give bases of the type of ammo diphcnylaminc Ihis pioccss is 
known as n semi-benzidine or semidmo (nifn/ot mation , and the resulting products 
as se undines 




0 


p Ethoxy hydra/obon7ono 


II a N- 


/ 

\ 




n 


p Amino p ofchoxy dtpliony lamina 


V—DIAZO-OOMPOUNDS AND HYDRAZINES 

The aiomatic diazo-compounds containing the gioup —N a — aie 
of gieat impoitancc thcoielically as well as piactically They weie 
discoveied m i860 by Guess, as a result of the action of mtious acid 
on primaiy amines of the benzene senes Not only do they affoid 
interesting examples of isomerism, but they aie highly leactlvc and 
form the staiting-point m the piepaialion of a latgc numbei of 
dye-stuffs Since diazobcnzenc hydioxide may play the pait of a base, 
an acid, 01 an indiffeient substance, it is not smpnsmg that chemical 
opinion as to the constitution of the chazo-compounds passed thiough 
many phases 2 piior to the teseaiches of Ilantzsch and of Bambeigci 
Accoiding to Hantzsch, the diazo compounds AiN a X (wheic Ai 
is C 0 H 6 or a derivative theieof) may be divided into the following 

1 P Jacobson, Ann , 1895, ^ 87 ,9? , 1898,808,290 B Compaie llnntzsch, Ahitns Sninmlung^ 
VIII, 1902, pp 1 to 82 
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classes, the existence of which is laigely dependent on the chemical 
chaiactei of the gioup X 

(a) Compounds of the structuic , such as the dia/onium 

salts c i >, C 0 I 7 fi N>CI, which lcsemblc ammonium salts in 

chdi actei 


( b ) Compounds of the stiuctuie At N N X These me diasxo- 
contpaunds comp ( u able to the a/o-dcnvatives, and sometimes 
occui in two steieoisomcuc foims, vi/ 


i 


2 


S 'yn-diaso-compounds of the type 


Ai N 
X N 


, which ate pio- 


duccd in the fit si instance, but owing to then cxtiemcly 
labile natuie have only been isolated in a few cases 

Ar N 

Anti-diazo-iompounds of the sti uclut c 


N X 


These 


aie stable substances 

The dia/onium salts aie by fai the most impoitant of the above 
derivatives), and will thetefoic be Uealcd in most detail 


1 Dlazonium Salts 

Pieparation —If the dm/omum salts aie only icquncd in solution, 
their picpaialion is exceedingly simple A well cooled aqueous 
solution of a salt of a pumaiy aiomatic amine, containing at least 
one equivalent of ficc mtncial acid, is healed with the calculated 
amount of sodium mliitc dissolved in watci Ftcc mlious acid is 
hbeiated, and diti^oUsation pioceeds as in the following equation 

cyi 0 _ 

yN Cl I allgO 
N" 

Benzene 

chloride 

The resulting cha/omum salt icmains in solution and may be 
employed clncctly fbi the pioduction of othei compounds, such as 
a^o-dyes This method of clnuolisation is earned out on a veiy laige 
scale industrially 

Owing to llie high solubility of most of the dia/onium salts m watei, and the ease 
with which they undcigo dt < ompo^ition, a diftoient method has to be adopted foi 
the prepntalion of the baits in the solid state Fox this put pose an alcoholic 
solution of the amnio is licalcd with the lcquisite icitl, and amyl nthilo added to the 
cooled mixtute The salt eithet sepuates out immediately oi is thrown out by the 
addition of cthei Genoially it is even moio convenient to dia/otisc in glicial acetic 
acre! solution 1 It is only in i*ue liibtaiiccs that the dia/onium salt requites to be 
isohted m the pme state in this mannei 

1 Hantzsch md Jochem, Btr 1901 P 84, 3337 


Cnlh 


H 


8 


N Cl hNO^n - 


Aniline hydrochloride 
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Pi opei ties —Diazonium salts aie usually colouiless ciystalline sub¬ 
stances, which are leadily soluble in watei, less soluble in alcohol, 
and in the diy state explode violently when heated 01 stmek In 
eveiy respect they aic genuine salts, compaiable to the ammonium 
and especially to the quatetnaiy ammonium salts Diazonium nitiates 
and chlondes aie neutial in aqueous solution, and the conductivity 
figures show them to be ionised to about the same extent as the 
cori esponding potassium and ammonium salts Ihc lcscmblance to 
ammonium salts is also exhibited in the foimation and charactei of 
complex compounds, such as cliloioplatinates, auiochloiidcs, meicuiy 
double salts and dia/omum silvei cyanides 

(AiN a ) a PtCI 0 , (AiN 2 )AuCI 8> (AiN 2 )IIgCl 8 , (ArN 3 )Ag(CN) 3 

Dia&omnin hydrates , AiN 2 OH, have been obtained in solution 
only, by ticating the dia/omum chlondes with silvei oxide 01 the 
sulphates with bauum hydioxide They aie veiy unstable substances) 
which aie pioved to be genuine hydioxyl bases 1 by then conductivity 
and the speed with which they bung about hydiolysis In this lcspecl 
then strength vanes between that of ammonia and that of the alkali 
hy dioxides 

Reactions of the Dia/omum Salts 

A numbet of these leactions, which are used in the piepaiation of 
a gieal vancty of bcn/cne denvativcs, depend on the ease with which 
dm/onium salts decompose with elimination of uitiogen t the place of 
which is then taken by othet atoms 01 gioups 

(1) Replacement of the N % -gi oup hy hydioiy~, alhoxy-, or atyloxy gioups 
The mteiaction of dia/omum salts with hydioxy-compounds—on 
wanning with watei, alcohol, or acetic acid—leads to the foimation 
of phenol 01 its denvativcs as the chief product ? of icaclion, and may 
be foimulatcd m the case of bcn/cne dia/omum chloude in the 
following mannet (mtei mediate phases being omitted) 

c 0 ii 6 n 2 cn h 0 o - c 0 iir, on i n 2 » iici 

Bcn/cne Phenol 

dia?omum chloride 

C g II 0 N 2 CH II OC 2 II 6 = C 0 II f> OC 2 II fl l N 2 l IICI 

Phcnetolc 

(2) Replacement of the N^-gioup by hydiogen occms as a by-icaclion 
m the above decomposition with alcohol 8 In the case of negatively 
substituted dia7omum salts this becomes the main leaclion fubiomo- 
ben/ene diazomum salts, foi example, yield almost exclusively lubiomo- 
benzene, even with veiy dilute aqueous alcohol 

C 0 H 2 Br 8 NjjCl 1 C a H fi OH = C 0 H 3 Bi 8 l-N a + HCl (-Cll 8 CIIO 

Tnbromobenzene Trtbromo- Acet 

dnzotiluin chloride benzene vldebydc 

1 IHntzach iml Davidson, Ber > 1898, SI, 1612 a Ilanl/scH and Thompson, Btt , 1908, 
41 , 3519 3 Hantzsch, Be> , 1901, 84 , 3337 , 1903, 80 , 2061 
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Othei teducing agents, such as alkaline stannous chlonde solution, 
also replace the nitiogen gioup by hydiogen 

(3) Replacement 0/ the N^-group by iodine occuts on mciely 
wanning a solution of a dia/omum iodide Ihc leaclion is often 
employed as a picpaiative method, since many lodo compounds aie 
thus obtained in good yield 

C 0 II 0 N 2 I - C„H fl I -i N 3 

Benzene di uoniurn lodo- 
iodide benzene 

(4) Replacement of the N^gioup by Mount ., bi online , 01 cyanogen 
It is not possible to intioducc these substituents into the ben/ene ling 
in the mannei desenbed undci (3) above Sandmeyei, 1 howevei, 
discovcicd that the. change could be effected with the aid of the 
conesponding cupious salts When solutions of the did/omum salts 
aie heated 111 the piescnce of cupious chlonde, biomtde, 01 cyanide, 
theie aie fonned chloio-, biomo-, 01 cyanobcn/encs (Sandnieycdi 
reaction ) 

C„I I c N B U = C fl ll c U I N n 
Crtllf, N a Ih - O fl II fl Bi ) Nj 
C 0 II r , N a ON = C 0 I[ B CN I Nj 

The Sandmeyei leactions depend in pail on the union of the dmzo- 
compound with cupious salts to foim double compounds, which aie 
vciy easily decomposed 

The most impoilant of these leaclions is the conveision of 
diazomum salts into cyano compounds (ben/omtulos), fiom which the 
conesponding acids aie leadily obtained by hydiolysis 11m is a 
valuable method foi the synthesis of aiomalic acids 

A modification of the above is the Gatteimann unction 3 The 
cupious salts aie hue icplaccd by coppei powdci, which in the main 
appeals to act catalytically 

Dia^ontum hotofinoiides decompose on wanning to foim the cone¬ 
sponding aiyl fiuoio-compouncIs, B Ai N 2 (Bbj )—>■ Ai 

As dia/onium salts aie icadily piepaicd fiom nitio-compounds by 
way of the amines, the icactions just desenbed aie ficqucntly employed 
in the laboialoiy fot convciling aiomatic nitio compounds into the 
coiresponding hydioxy-, chloio , biomo-, cyano-, and olhei denvatives 
Nitio compounds thus foim a valuable means of passing fiom an 
aiomalic compound to its various denvatives 

In addition to these lcmailcablc icactions of the dia/omum salts, 
theie aie also olhei impoilant changes which piocecd without 
elimination of nit) ogen 

(1) Diazomum bromides add on'biominc to foim peibiomidcs, and 

1 Sindmeyer, Bet , 1884, 1 * 7 , 365°, lfa8 7 i 20 i 1 195 > l8 9 °> 1880 8 > l8 9 0 ' 

SB, 1218, 1893, SB, 1086 B G Balri uid G Sclueimum, Be> , 1927, 00, 1186 
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these by liealment with ammonia yield dia/oimidcs, which may be 
regai ded as denvatives of hydia/oic acid 


C 0 H fi N„Br 


+ Br 


C a H 6 N 2 Br a 


S Nil, 


y 


^ c 0 n, N<f 


N 


N 


+ 3lIBr 


Benzene dnzojnudc 


(2) On ieduction, dia/onium salts aic conveiled into monosubstituted 
hydia/mes (see p 398) 

(3) Reactions of the highest impollance aic those which lead to 
the pioduction of a/o-dyes fiom dia/omum baits* by the ff coupling” 
of the lattei with amines and phenols these aic dealt with unclci 
the heading of a/o-dyes (p 400) 


2 Diaao Compounds, Ar N NX 

When a dia/onium salt is iicatcd with alkalis, it is convctled into 
a metallic salt 01 dia/olale of the fotmula Ai N 2 OM, in which the 
dia/ohydioxidc plays the pail of an acid, eg 

C 0 II ( N 2 C 1 \ alCOII - C 0 H r , N N OK 1 KU I II/) 

Polussuun benzene 
cl 1 i/olatc 


These dta/otales can exist m two lsomeiic modifications, which die 
colourless and possess many piopeilies in common Both aic leadily 
1 educed to hydia/mes, and with benzoyl chlondc yield mltoso- 
ben/anilidcs On oxidation both aic convcilcd into nitiamine salts, 
eg Ar NjO ONa They diffei mainly in the 1 dative speeds with 
which they undergo leaction Foi example, the labile dia/otates fiist 
formed couple with phenols in alkaline solution to give azo dyes, 
whereas the stable dia/otates obtained by the mote piolonged action 
of alkalis on dia/onium sails eithci fail to give this icacLton 01 leact 
veiy slowly With mineral acids the dia/otalcs aic liansfoimed back 
into dia/onium salts Ilanl/sch has piovccl that these dia/otates ate 
sliuctutally simdai and that their diffeicnccs aic due to steieo- 
tsomeusm, as lllustialed in the following foimulm 


C B 1 I B N 

II 

KO N 


Syn dn/otTte, 
hbilc rod 
couples 1 Giddy 


C 0 II B N 

II 

N OK. 


Anti dnzotilc, 
stable and couples very 
slowly or not tI ill 


Accoiding to this view both syn- and anti~dta^o/iydi ates aie to be 
tegai ded as steieoisomenc oximes of nitiosobcn/enc Expeumenl 
has shown that both foims aic actually pioduced by the inteiaction 
of hydioxylamme and nitiosobcn/cnc 

At N O + II^N Oil -^ )!I 


Ar N N OK 1- Up 



DIA7Q-COMPOUNDS 


397 


In this leaction labile syn-foims aie fiist obtained, which then pass into 
the stable anti-modifications 1 

Steieoisomensm of a snmlai type has also been found to exist in 
the case of the dia/o-sulphonales, Ai N N SO a K, and the ctia/o- 
cyanides, Ai N N CN These aie obtained fiom dia/onium salts by 
the action of potassium sulphite and potassium cyanide lespectively 

Ai N 2 X l It SOjK - AiN, SO„K t-KX 

Dn/onium salt Dn/o sulpliomtc 

Ai N 2 X l ICON = Ai Nj CN l ICX 

Dm/o cyanide 


Relationship hetiveen Nit/ o sannnes and Dm Compounds 

Primary Niftosanunes and Anti diazohyd/ates — The gioup —N^OII m the 
compounds R N^OII is tautomenc, functioning' cithei as an anti diazohydiate 
(-N N OH) 01 as a primary mtiosamme sUuctnre ( Nil NO) Accoidtng to the 
rcseaiches of Ilmt/sch and lus co wotkcis, 2 all the metillic &alts, R N a OM, ate to 
be legalded as anti dia/otalcs, but the free hydrogen derivatives may exist either 
ns dwohyd rates, R N N Oil, or, as more fiequently happens, as pnmuy nitros 
amines, R Nil NO Ilcncc, m the lattu case, dining the convotsion of the 
salt (dmotute) into the hydiogen compound, an inliamoleculai icanangcmcnt 

takes place, Ai N N OK->• Ai Nil NO Convusely, the punmiy phenyl 

nitiosammes behave as psendo acids, leading with alkalis to fotm salts of the 
anti druohydiate stiucluie Xhe anti diazotates me thus closely related to the 
mtrosammes 

The isolation of both isomenc foims of the hydiogen compound fiom one and the 
same tautomeric substance has been oficcted m a few instances, tg y m the case of 
246 tribiomoben/enc inti dui/ohydi ite, C 0 II a Btj N N Oil, and the cone 
spending mtiosamme, 9 C 0 IIjIh 3 Nil NO These isomondes tecall the somewhat 
similai aliphitic nilioso compounds, RjCII NO and RjC N OH, and then 
formation is analogous to that of the isomenc mtio compounds (pp 154 and 156) 
In chemical behaviom the isomendcs diflci in accoidance with the foimukc given 
above The anti diazohydtales resemble icaclive hydtoxy acids, whereas the 
nitrosammes aie mdifteient pseudo acids 

Secondary Niiiexamine^ and Ant 1 d/a ohtfes '—The alkylation of an anti diazotate, 
ArN NGK, tesults gcncinlly m the foimalion of a mtiosamme of a secondaiy base 
At NAlk NO C onveiscly, ceitain mtioso alkylanitmcs aie readily convened into 
anti dm?otales by tioatmcnt with dilute alkalis Hence the mtioso denvativcs of 
secondaiy atomatic amines uc also intimately 1 elated to the anti diazo compounds 

/NO 

Mb N/ 5 ZH± C^Ib N N OK 

^■Alk Allcylntlon 

Hocomtary Anti cllnzotato 

nltroBtiniino 

Plienyltiiasono (honzono cliaaioamiclo), 1 C 0 II 5 N N NIL), has been obtained by 
the 1 eduction of diazoben/cne imidc in etheical solution with stannous chloiidc It 
crystallises in colouiless leaflets, which melt with evolution of gas at 50°, and teadily 
decompose mto aniline and ntUogcn C 0 II fi N 3 II 9 E=C a II fi NII 3 hN 2 It reacts, on 

1 H'mL'sch, Bet , 1905, SO, 2056 a Be / , 1899, Sa, 1703 , 1900, 83 , 2188 
and Pohl, Bet , 1903, 35 , 2961 4 O Dimjolh, Bet , 1907, 40 , 2376 


a Ilantech 
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diazo compounds and hydrazines 


the one hand, according to formula I, and on the other as a phenyl cyclo tnazune 
II, and therefoie appeals to be a tautomuic compound 

✓Nil 

I Cfcllj N N NH # II C, 1 I, N< | 

\NH 


Diazohydrates, Diazoanliychidea and Quinone-diazlcles 
Sensitiveness of Diazo Compounds towaids Light 

When diazonmm chlonde solutions <uc heated with a small excess 
of silvei oxide there aie obtained solutions of the veiy unstable 
diazomum hydtoxides, eg CqU^N^OH I he nonnal (y>«-) metallic 
diazotates on careful addition of acetic acid do not yield the hydtates, 
but deposit the cones pond mg dia»oanhydnde<i x (dia f o oxide*} 

Hydioxyphenyl diazomum salts, containing the Oil gioup m the 
o- or ^-position, on tieatment with alkalis foim internal anhycludes of 
the diazomum type (I ) 01 of the qiunone type (II ) 

N N 11 O <^~^> N N 



Hence they aie descubed as qumone-dia/idcs 2 

Owing to then sensitiveness to light, diva compounds .no now being used m 
the manufacture of photognpluc tiaciug pspei 1 In the catlici process the paper, 
film, etc, was sensitised with dn/oanhydudes and aftci cxposuic to light was 
developed by coupling with phenols oi amines I he madnted anhydiulc is non 
reactive and a positive ongmal thus gives use to a positive u/o dyestuff copy The 
papei is very sensitive and letams its activity a long time In a later modification 
the diazo and azo dyestuft components au. coated togethci on tlio pipei with the 
addition of tartaric acid, which pievents coupling Afloi exposure the papei is 
developed with dry gaseous ammonia A suit ible diazo compound is, foi example, 
diazotised 124 ammonaphthol sulphontc acid, lcsoicmol being employed as 
azo component The piocess is known as diavotype punting 


Hyclvazin.es 


Aiomatic hydrazines aie classified in the same mannei as the 

aliphatic compounds (see p 164) Symmetncal clisubstilutccl aiomatic 

hydiaztnes, usually teimcd hychazo-compounds, have aheady been 
dealt with on p 391 

The monosnbstituted hydrazines, of which phenyl - hydiazine, 
Ntl NH a , is the best known example, aie the most impoitant 


* E Bamberger, Bet , 1896, 20, 459 = L Wolff, Ann , 1900, 812 , 126 II Stand,ngei, 

Heh Chun Ada, 1^2, 6, 87 8 Kegel, I) R.P , 376383, 386433 See also Ruff and 

fnd ofnh' r nt'n °n A S P encor ' Pho,Q 8 > «phxc Jam nai, 1928, 08 , 490 Ozslidpipier, 
and OzaphmBlm (Kalle & Co, Gcmnny) are prepaied by this process 
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These aie gencially piepaicd by the leduction of the conespondmg 
diazonium salts, which may be effected in two ways — 

(a) By ti eating dia/omum salts with the calculated amount of 
stannous chlonde in hydiochloiic acid solution 

C 0 II D N 2 Cl i 4II = C fl II 6 NII NIL,, IIC1 

PJieayl hych vine 
hydiocJ1lo11c.lt 

( b ) Accoiding to the oldci method of Emil Fischei, by which 
phenyl-hydia/inc was fust discovcicd The solution of a dia/omum 
salt is allowed to icact with ncutial sodium sulphite, whcieby a dia/o- 
sulphonatc (see p 397) is fonned, eg 

C 0 II 6 N a Ct-) Na.SO,, = G/I, N N S0 8 ^H NaCi 

Sodium dia/obcn/cnc 
bidphotmle 

On 1 eduction with sulphmous acid, oi zinc dust and acetic acid, the 
diazo-sulphonate isconveitcd into a hydia/ine-sulphonate, 

C„II 6 N NSO,,Na I all - C„ll 6 Nil Nil & 0 8 Na 

Sodium plicnyl Iiydrvino 
sulphonnlt 

When this is heated with hydiochloiic acid, the sulphonic gtoup is 
lemoved and phenyl-hydia/ine hydiochlonde obtained 

C fl H 6 Nil Nil SO s Na + II/) H IIC 1 « C 0 II„ Nil N 1 I 2 , JIC 1 I NallSO* 

In each of the above methods an amine foims the slai ling- 
point, and it is convcitcd mto the dia/omum salt, and finally into 
the hydiazme, without actually isolating any of the intei mediate 
products 

The monosubstituted hydia/incs aie monacid bases, which distil 
without decomposition undci diminished piessuie Ihey aie spatingly 
soluble in walei, leadily soluble in alcohol and elhci, and 1 educe 
Fehhng’s solution 

Phenyl hydrazine, C fl II fl Nil NII 2 , is picpaiccl on the laigo scale 
accoiding to method (/>) desetibed above It is a colouilcss liquid 
which boils with slight decomposition at 241°, undei atmospheric 
piessuie On cooling it solidifies to Luge colouiless pnsms, in p 196" 
The hydiochlonde ciyslalltscs in white leaflets, which aie not veiy 
soluble in cold watci, and dissolve veiy spatingly in coneenlialed 
hydiochloiic acid 

As has alieady been mentioned, phcnyl-liydia/ine is a valuable 
leagent foi aldehydes and ketones, and has piovcd of special scivicc 
m the investigation of the sugats (sec p 290 et seq) It is a stiong 
leducmg agent, and piecipitalcs cupious oxide fiom FLhhng’s solution , 
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in such teactions the phenyl-hydiazine decomposes mto ben/ene, 
mtiogen and hydtogen 

C fl H„ Nil NH, = C rt II fi hN a hall 

When tiealed with energetic ieducing agents it yields aniline and 

ammonia, C 0 II 0 Nil NH a +2H = C o n r) NI-Lj+NII,, Phenyl hydia/ine 
unites with /?-diketones and / 3 -kctonic cslcis to foim denvatives of 
pyi azole and pytazolone lespcctively Acctoacctic estci, foi example, 
gives phenyl-methyl-pyia/olonc, which on methy lotion is conveited 
into antipynne, a substance extensively used m medicine as a 
febtduge Owing to its use in the piepaiation of antipyt me, phenyl 
hydta/me is pioduced m huge quantities induslitally 

The behavioui of tetraphenyl hydtanne in dissociating in solution 
into nitrogen diphenyl has aheady been discussed on p 389 
Ilexaphcnyl ethane decomposes in a snnilai mannei to fotm tuphcnyl 
methyl (p 509) 

Refeience has also been made to the dissociation of hexapkenyl- 
fetra^ane into two molecules of tiiphenyl-hydta^yl In the solid state 
hexaphenyl-tettazanc is colomless, in solution at 0" it is deep blue, 
although the blue tuphenyl-hydiazyl is extiemely unstable A more 
stable divalent mtiogen deuvativc may be obtained fiotn vnx-diphenyl- 
fi-ii imtiophenyl hyd>a»ine, a yellowish led ciyslalhne substance, which 
when oxidised in benzene oi chloiofoirn solution with lead dioxide 
yields the monomoleculai aa-diphcnyl-fi tnmtioplunyl hydia yl I he 
lattei foims violet black ciyslals, soluble in oigamc solvents to give 
deep violet solutions In the above icaction thchydia/mc is conveited 
into the completely monomoleculai hydia/yl 

NQo _ NQj 

(C B II a ) t N NII<( ^>NO„ —> (C 0 II n ) 2 N N<^ )>NOo 

NOj NOj 

This compound is the analogue of tubiphcnylmethyl (dcsciihed latci) 
and is distinguished fiom othci denvatives of divalent mtiogen by its 
gieal stability 1 


VI — AZO-DYES 

Genet al Methods of Pot Mahon 

It has aheady been lcmaiked (sec p 396) that dia/o-compounds 
“couple” with amines and phenols with gicat icadincss to foim azo¬ 
dyes Although this piocess has been foi undated in the following 
pages as a simple change, it is m all piobability one of some 
complexity 2 

(a) Equunoleculai quantities of dm/omum salts and pt imaty or 

'S Goldschmidt and Romi, Dei , 1922, 66, 62S 3 See Chitl-iway md II R Hill,/ C S, 

igaz) lat, 3756 
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secondaiy aiomatjc attunes icact togcthei to foim dia octmmo- 
compounds , x e g 

Called I H a N C fl TI fi - c,,n f N N NriQir^ IIC1 

Dmo iniinobeuzene 

The most mlcieslmg ptopeity of these compounds is then lians- 
fotmaiton into the stuictuially isomeitc amJuoazo-oompounds In 
the case of dia/oammobcnzene this change can be effected by meicly 
allowing the substance to stand in alcoholic solution, and may be 
catalytically accelciatcd by the addiLion of a small amount of aniline 
hydiochlonde 2 

C 0 H a N=N-—Nil— ~ -->- C 0 II 6 N-N-/ >-NII n 

Dmoanunoben/enc Ammo wobcnzuie 

The isomeiisallon only takes place icadily when the /-position to 
the amino gioup is fiee If this is aheady occupied by a substituent 
the change occuis less easily, and the amino-gioup then cnlus the 
o position to the a/o gtoup Diazoamino/-toluene, foi example, yields 
o-ammoa/otoluenc 

Ammoazoben/ene is the paicnt substance of a laige numbci of 
azo-dyes 

(b) Diazonitmi salts and icthary aiomatic amines icact dnectly 
with one anothci to foim aminoa/o-compounds 

N a CH IIC 0 II 4 N(CII 0 ) 2 - C rt II 0 N N C rt II, N(CII 8 ) a [ IIC1 

D imeihyhim Ino 'i/obuvcnc 

(c) In a sinulai mail net phenols unite with dia/onium salts in the 
piesence of alkalis, to foim hydioxya/o compounds 

c 0 ii 6 n 2 ci h iic ( ,ii,(oii) » c tf n a n n c„rij on i iici 

Plionol Ilydio^ty i/olien/cnc ' 

Ileie also it has been found that only those hydrogen atoms in the 
o- oi /-positions to the phenolic hydi oxy-gi oup aie capable of entciing 
into leactlon If hydiogen is only available in the w-position, no 

1 Dmzmmmo compcmnclB arc also formed by the action of organomagnesunn halides on 
'ilkyl and nyl denvativoa of hydmssolc add Intcnncdmlo piodiuts contummg nngnesuim mo 

I R N<^| \ IVMgl = R N(Mgl) N N R' 

II R N(Mgl) N N R'4 II b O == R Nil N N R' \ Mgf Oil 

first foimed t which on treatment with watei yield dmoimmo Lompounda O Dimioth*/^/ , i<)0$i 

670 e Goldschmidt has shown that the velocity with winch dnzoammo compounds arc 

tnnsfoimed intoammoTZO compounds, Ai N N NIICaHetUX 1 —N N C rt II| NIl^TIX, 
is proportion'll to the dcgicc of dissociation of the icid IIX m the solvent employed 

2 C 
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coupling takes place unless the substituents in the icacUvc positions 
aie paiticularly easily detached 1 

The instances alteady quoted die simple examples of the typical 
reactions by which the gicat majonly of the monoa/o-dyes aie 
prepaied It is leadily understood that these leactions aie influenced 
by the specific constitution of both reagents, and that the velocity of 
coupling depends on the stiucluic of the amines and phenols, as well as 
on that of the duzo-compound employed The intioduction of alkyl 
gioups into the benzene nng inci eases this velocity, but halogen atoms 
have the leverse effect, thus the tumclhyl detivalives, (CII 1 ),C 0 II 2 NX, 
leact veiy lapidly, and the tnbtomo-compounds, Bi b C 0 II 2 N a X, veiy 
slowly The gieat influence excited by the configuiation of the diazo 
group has alieady been emphasised (p 396), the speed of leaction of 
syndiazo-compounds being always gicatci than that of the anti¬ 
compounds This fact is of gieat value in deleimining the stiuctme 
of stereoisomendes of this type Finally, it may be mentioned that 
the foimation of ainmoazo compounds fiom dia/onium salts and sails 
of tertiary amines is relaided by acids and bases alike, 2 the velocity of 
reaction being inversely pi opoilional to the eoncenliation of hydiogtn 
10ns 01 hydroxyl 10ns lcspectively 


Dis) uption of A jO dyes 

A point of great lmpoilance in connection with the slmctiue of 
the azo-dyes is the behavioui of these compounds towaicls powetful 
1 educing agents, such as tin and hyrhoehlonc aeid Unclei this 

treatment the molecule is chsiuplcd at the double bond —N=N_, so 

that the amine ftom which the azo-dye was piepan d by dia/otisalion 
is regeneiated, and the second component with winch the dia/omum 
salt was oiigmally coupled is obtained in the foim of its ammo 
derivative F01 example, hydioxy-a/obcn/cnc, fiom dia/otised aniline 
and phenol, yields aniline and /-aminophcnol on 1 eduction 


c 0 n N N C 0 II, oh- 4 411 = c 0 n 6 Nir 8 1 iioN c 0 ir, on 

IIjdioxy izobenzeuc AuiUno p Anluiupliciiol 

Hence it may he deduced that 111 the foimation of the a/o-dye the 

coupling occuired m the/-position to the phenolic —Oil gioup 

The azo-dye may also be decomposed by ticalmcnt with sliong 

mine acid, which leads 111 gencial to the pioduction of the onginal 

diazonium salt and a nitro'- deiivative of the oilginal coupling 
component, 3 eg 

O a N C 0 H 4 N N 0^1, OCII 3 1 - 3 lINO s 

P f Nitro p 1 methoxy nzoben/ene 

= O f N 0,11. N 2 NO b h (OoN)^ C„II,, OCII s 1 2ll 3 0 

^Nitroben/one dnzomum a j Dimiio Anisotc 
mtn,le 


a ° ^ ^ydiogen ntoma eminot ^ilwaya be icplucul 1 >y n/o efrouna, cf lBoraclie 

*1 ' ,8 °*' '"' 6 ‘ H £ " • >809.V 3S5 • 0 
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AsO-compoundb as Dyes, Technical Ptepatation and Desoipiion of 

Individual Dyei> 

The divalent a/o-gioup —N N— is the chtomophote of the a/o- 
dyes When this gioup is intioduccd into a hydiocaibon mokculc, 
a coloured substance is obtained which is not a dye Only aflei the 
fuithei entiy of an aitsochtome gioup, such as —011 01 —NII a , capable 
of confciting acidic 01 basic, chaiactci on the compound, does it 
acqune the piopcity of affixing itself to thieads and fibics and thus 
of functioning as a dye (see p 74) 

The simplest a/o-dyes, like those of othci types, dye a yellow 
coloui By inci casing the numbci of auxochiomc gioups piescnl, 
01 by laismg the ptopoition of catbon m the molecule, the shade 
giadually deepens, passing lluough red to violet and blue, 01 in 
some cases to blown In paiticulai, the intioduction of naphthalene 
residues changes the coloui to led, violet, blue, and finally to black 
Those ammoa/o- and hydioxy-a/o-compounds m which no sulphomc 
gioup is piescnl, aic geneially insoluble 01 only spaungly soluble in 
watet lo be useful, howcvei, a dye must be soluble 111 watei, and 
since the alkali salts of the sulphomc acid dcuvatives aic inoie icuddy 
soluble than the unsulphonaled paicnt dye-stuffs, the compounds 
employed technically aie foi the most pail sulphomc dcuvatives 
A/o dyes aic thcicfoic usually picpaicd duectly fiom sulphomc acids, 
01 the dye may bt subsequently sulphonaltd by ticatmcnt with strong 
sulphuiic acid 

Monoa/o-dycs duectly coloui thicvuls of animal oiigm, such as 
wool and silk, whcicas they only dye cotton indnecLly, with the aid 
of motdanls 

Dyeiuq 1 

The dyeing of spun thicads may bt mechanical 01 chemical In the 
foimer case, which docs not fuithei concern us, a coknucd piccipitate 
(pigment) is ptoduccd on the thicads, oi the lattci ate coated with 
a thin layci of a colouied substance Of much gieatci inteiest is 
chemical dyeing, in which the fabnc is usually lmmeiscd in a hot 
aqueous solution of the dye, lemovtng the lattci fiom the solution and 
becoming thcicby coloui ed No satisfactoiy explanation can at 
present be advanced which will covci all the diffcicnt ptoccsses of 
chemical dyeing I he majonty of chemists assume that in many cases, 
at all events, dyeing is dependent on a kind of salt fotmalion between 
the dye and the constituents of the thicad, an assumption suppoilcd 
by the fact that a dye always possesses basic 01 acidic chaiactei 

1 See iht fyiil/utic Dyts/uJ/s, byj 0 Gnin nntlj F Ihoi]>c, (GiifTni} 1 by 

Fier/Divid (Glnuciiill, I'n^lish edition by F A Mat on), Synthetic Colon/tug Mattel j, Vat 
Coloui J I 1 riioipo nnd G Ii Ingold (I ongmnns, 1923) 
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Probably the dye is bound to the fibie by the amino-, caiboxyl and 
acid amide groups present in the suifacc of the thieads. It must be 
emphasised that a characteristic diffeience is shown between yams of 
animal (wool, silk) and those of vegetable otigin (cotton, ailifidal silk) 
Most dyes colour the former directly {substantive 01 du ect dyeing) but 
are not capable of dyeing vegetable thieads without special tiealment 
It is, however, possible to fix the coloui to the latter if the fabnc js 
previously impregnated with ceitam substances which will unite with 
the dye {adjective dyeing ) Substances of this type aie termed 

mordants In working with basic dyes, moidants such as tannin are 
employed, which combine with the dye to foim insoluble salts, eg of 
tannic acid In most cases the pioccss is completed by tieatmcnt with 
a solution of potassium antimonyl lartiatc With acid dye-stuffs, on 
the other hand, cotton requires to be impregnated with a basic moidant 
such as aluminium, iron 01 chtomnmi hydioxides The fabnc is steeped 
in an aqueous solution of the metallic acetate and then heated in 
steam, wheieby the acetate is decomposed with the production of the 
corresponding hydioxide Acid dyes combine with these hydroxides 
to form insoluble " lakesAs will be seen latei, aliAuin dyes are 
commonly employed m this mannet Dye-stuffs aie also known which 
are capable of coloui mg cotton dneclly 01 substantively, i e without 
the addition of moidants, in the same way as the wool dyes affix them¬ 
selves to wool Chief among this class aie a/o-dyes obtained from 
benzidine, NH a CJIj, Coll! NII Z , and its dciivativcs, which contain 
two of the chromophore gioups —N N— These aie distinguished 

from monoazo-dyes by the term disazo- 01 (eti azo-dyes 

The technical prepaiation of azo-dyes is gcneially a compaiatlvely 
simple operation In order to obtain hyclioxya/o-dyes by the com¬ 
bination of diazo-compounds with phenols, a solution of a diaromum 
salt is first prepared by treating an aqueous solution 01 suspension of 
the required amine, or Us sulphonic acid salt, with the requisite 
amounts of hydiochloac acid and sodium nitiite Aftci dia/otJsabon 
is completed, the liquid is allowed to tun into an aikallno solution of 
the desired phenol, 01 bettci still, of its sulphonic acid salt, earo being 
taken that the mixlute remains alkaline tlnoughout the reaction. 
The resulting azo-dye Is thiovvn out of solution by the addition of 
common salt, filtered m a filter pi ess, and dued Combination between 
dlazomum salts and ammes, which leads to the foi mation of aminoa/o- 
dyes, is effected directly m nculial aqueous solution, 01 m many cases 

by adding an alcoholic solution of the amine to a conconliated aqueous 
solution of the dtazo compound 

A detailed description of the nzo dyes is not possible In a general text book such 

as this The following examples are selected from the very largo and ever-increasing 

number of these compounds known, of which only those of good colour and fastness' 
to light are used m industry 


I 
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Dimethylammo aeohnsene sulphonic acid? SO a C„H 4 NH N=C 0 II, = N(CH fl ) 2l 
is produced by the action of dimethylanilme on a diazoliscd solution of sodium 
sulphamlate The sodium salt of the compound dyes wool and silk an orange 
colour, and has been employed for this puipose under the name of helianthine or 
methyl orange It is laigoly used as an mdicatoi m volumetnc analysis, the 
yellow coloui of the aqueous solution changing to red on acidification 
Ohi ysoidlne, dtammo azobenzene , 

i 


C 0 II B N N C a II 



is piepared by mixing equivalent solutions of benzene diazomum chlonde and 
m phenylene diamine Its hydiochloiide is compaiatively soluble m water and is 

used m dyeing wool, paiticularly for pale shades Wool mordanted with tannin is 
coloured mange yellow 

Bismarck brown, inammo azobenzene, 1 I S N C 0 IIj N N C 0 II,(NII a ) ai is fonned 
by the action ofnittous acid on m phenylene diamine It lesembles chrysoidme in 
its properties, and is employed for dyeing wool and leather goods 
Tropaoollno o, dihydroxy azobensene-p sulphonic acid, 

a 

SO,II Cjll, N N C a II 3 /°jJ 

4 

is obtained by pouting a diarotised solution of sulphamlic acid into an alkaline 
solution of resoicinol, oi by coupling benzene diazomum chlonde with resorcinol and 
subsequently treating the pioduct with sulphmic acid In acid solution it colours 
wool and silk golden yellow, and is used more particularly in the silk industry 

Among the substantive azo dyes, which, as already mentioned, aie able to dye 
cotton directly without the aid of mordants, are included coitatn compounds obtained 
by diazotismg p diamines and combining the bis diazonium salts thus formed with 
amines and phenols, paiticulaily with naphlhols and naphthol sulphonic acids For 
example, when benzidine is dtazotised and coupled with « naphthiomc acid, it yields 
Congo red, which is much used in dyeing 


C a II 4 —N 
C a II 4 —N 


/SO s ii 
N-C ia Il/ 


Nil 


B 


/SOjII 
N~C, a H ( < 

\NII 

Congo rod 


a 


VI 

Aromatic Sulpliomc Acids 

Formation —When atomaUc hydrocarbons oi thcii derivatives are 
treated with sulphmic acid they yield sulphonic acids, m which 
hydrogen of the benzene nucleus is replaced by the sulphonic group 
S 0 8 H, eg CflHg+IIjjSOj « C 0 H B , S 0 8 I-I + H g O Sulphonation is 

1 TJio mimbcra nttnehed to this and the following formula? indicate the position of the 
substituents in the benzene nucleus In the above case the free acid possesses a cpiinonoid 
structure Ilnnlzsch* 1908, 41 , 3435 Foxj Bit , 1908, 41 , rg89 


2 C 2 
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effected by the use of oidinaiy sulpluuic acid/ 01 of fuming acid 
containing vaiymg propoilions of anhydudc, the lempeiature being 
legulated accotding to the ease with which the leaction occurs In 
this way, by choosing the conditions, it is possible to picpaie mono- 
or polysulphonic acids In the case of bcn/cnc a maximum of thiec 
sulphonic gtoups may thus be inlioduccd into the molecule 2 The 
sulphomc acids eithei sepatate dncctly fiom the acid mixluie on 
cooling, 01 aie pi capitated in the foim of then alkali salts by the 
addition of salt, sodium acetate 01 potassium cliioiide I hey may also 
be sepaiated fiom the excess of sulpluuic acid as the soluble calcium, 
barium 01 lc ad salts 

Propo tics and Client ual Bchavtont —I he sulphonic dettvaltves of 
the hydioembons aie ail icaciily soluble in watei, and foim mote 01 
less easily crystallisable substances of sliongly acidic chaiactci Uy 
the action of supciheated steam, 01 of conccnliatcd hydioehloue acid 
at 150°, they may be convetted into the ouginal hydiocaibon (sec 
p 370) When fused with alkalis they yield phenols, a icaelion which 
is of gicat unpoilance technically 

c 0 n B so a K i icon - Colic on 1 k ,so 8 

On being heated with potassium cyanide the salts of sulphonic acids 
pass, into the coiicspondmg nilnles, which may be hydiolysed to 
caiboxylic acids 

KCN „ , 

Cell, S 0 8 IC ---> C 0 II 8 CN-^ coon 

Potassium bcn/cnc milphanulc J)cit/omt11lo Htn/oic m.nl 

The alkali salts of the sulphonic acids, on being ticaled with 
phosphotus pcntachloilde, yield vtlpltontc ilthiidn of the formula 
R S 0 2 Cl With ammonia 01 ammonium caihomite, these give 
ciystallinc sufphonnnudes, R S 0 2 NII a The latlei ate ftequenlly used 
m the identification of the sulphonic acids The anhydtuia aie 
colouilcss ncutial substances, which geneially nystallise well and aie 
lemaikably stable towauls walct 01 weak alkalis” 

Benzono sulplionlo nolcl, Cgllg SO,II, ciyslalhscs in plate's, in p 66°, wlucll veiy 
leachly dissolve m water Its chloudc may bft used foi distinguishing between 
primary and sccond.uy amines (p 162) — Donvono cUimlphonlo cioldu, C^IIi(&O a II)j 
When ben/tne is heated with fuming sulphum aud, a imxiuic of the m disulphonic 
acid, m p 63°, with a little p compound, m p 133 , is Conned ’Ihc sulphonation of 
toluene lends mainly to the formation of 0 and p toluono aulplionto aoldn 

The niliation of bcn/cnc sulphonic acid 01 the sulphonation of 
mtioben/cnc yields in each case a mixluie of 0-, in and p-mt)abuizcne 
sulphonic auih, containing a picpondeiance of the in compound On 
1 eduction these yield the three ammosnlphonii audS) which aie colouiless 
crystalline compounds having acidic, but no basic, piopcilics The 

1 A Guyol, C, 1920, I, 56s J II Beluond ami Moitclannnn, Ann , 1911, 878 , $$2, 

0 II Moyer and Schlcgel, Manats , l<)t J, 84, 561 
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sulphontc acids deitved fiom pnmaiy amines maybe diazotised and 
aie of value in the piepaialton of azo-dyes (p 404) 

Sulphanilio aoid, p -anunobensene sulphontc acid, 


/Nil, 

C,H / or C a II 

NSO.OH 





is obtained by heating aniline to 180° with fuming sulphuric acid 
containing S to 10 pci cent of anhydude It is only spanngly soluble 
111 cold watci, and ciyslalhsos in lhombic plates (-f-2lI B 0) It yields 
quinone on oxidation with chiomic acid, and is an important staitmg 
matenal in the picpaiation of a/o-dyes 

Metanilio aoid, 01 m -amtnoben* cue sulphontc aetd, is also used m the 
manufactuie of dyes and is obtained fiom w-mtioben/cnc sulphontc 
acid by 1 eduction with non and hydiochlouc acid 

Phenol sulphomc acids, sulphobenzoic acids, and othei moie 
complex sulphontc dciivativcs me dealt with in IaLei chaptcis 

Sulphinio aoicls, R SO a II, may be picpatcd by 1 educing aiyl- 
sulphonic chlondes with /inc dust and watci They aie ciystalline 


C 0 II fi . SO.Ci 


-> C 0 I[ B so ,11 


compounds which dissolve spanngly in cold watei 


VII 

Axomatic Aisemc Compounds 1 

Mainly in consequence of the leseaiches of P Ithilich, oiganic 
compounds of aisemc have, in the last twenty yeais, been extensively 
employed in medicine Only a few of the moic impoilant of these will 
be tieatcd hcie 

Pn maty A10 matte At sonic ( Arsmtc) Acids 

Pi epat at ion —It was shown by Ehilich and Bcilheim that the 
aisemc compound discoveicd in 18C3 by Bichamps, by heating aniline 
arsenate, and employed in medicine undei the name of atoxyl, was 
not, as Bichamps assumed, an anilide of at seme acid, but/-amino- 
phenylat&omc acid 

In genet al, when pit maty aiomatic amines ate fused with aisemc 

1 See Otgamc Compounds 0/ Arsenic and Antimony , by G T Morgan (Longmans, Gieen & 
Co, 1918) Oi gam sc he A i stnvei bin dun gin und %he chcmothtt apeul\sth& Bedeutung^ by Nierenstoin 
(Enke, Stuttgart, 1912) IJandbuch det o>gamschen A1 stnverbindungen^ by A Bcithcim (Enko, 
1913) U F Ilewitt, II King and W O Mureli, / C 19 26, 1355 
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acid, the aisenrc group takes up the para-position with lcspccl to 
nitrogen, with the foimation of /-ammoaiyl aisomc acids If the 
/position is alieady occupied, then eithei no substitution occuis or 
the corresponding o ammo-dcnvative is obtained 

NH 2 QH 5 +AsOjIIg -= Nil, C 0 Hj As 0 9 II 2 1 II a O 

Many other aiomatic compounds, such as phenols and ccitam 
indoles, behave m the same manna 

This piocess is an exact paiallcl to the pioduction of sulphamlic 
acid by the action of heat on aniline sulphate (p 407), and may 
therefoie be descnbed as arsenation (cf sulphonation) and the tcnclion 
products as arsamhc acids Most of the aminoaiyl at sonic acids known 
have been piepared in this way 

Among other syntheses of aiomatic aisemc dcuvatives the following 
mav be mentioned On treating dra/o-compounds with ai se nious acid 
or its salts the drazo group is leplaced by arsenic to give pmnaiy 
arsonic acids 1 

RN NX (-As(OII) a * R AsO(OII), i N, I IIX 

This reaction may also be used to piepaic the concsi ondmg 
antimony deuvatives Acids containing both these metals aie obtained 
by the interaction of antimony oxide with dia/otiscd ummo- 
phenylaisonic acids (01 of atsenitcs with dnwotisul amjnophcnyl- 
antimomc acids), in this mannet phcnylcno-aisonic-antimomc acids 
aie formed a (CaHj A&O a Sb 0 2 nll 2 0 ) 

Ptoperties —Aromatic amino-aisonic acids aie veiy lcactivc and 
maybe used m a variety of syntheses In pailiculai they ai o 1 cadily 
diazotised, and the dia/oaryl ai sonic acids so obtained undeigo the 
usual decompositions of dia/o compounds (see p ^94), and couple in 
the usual mannei to give azo-dyes, all of which au soluble in alkalis 
owing to the piesence of the aisemc acid residue, AsO.jIIn In Us 
proper ires this gtoup shows a general resemblance to the sulphonic 
group, SO a TI, and in some reactions to the caiboxyl gioup, C 0 2 II 
/-Aminophenylarsonio aoid, Arsanilio aold, II„N C 0 II 1 As() a II 2 , is 
the most important of these acids, and, as aheady descnbed, is obtained 
by the arsenation of aniline It ciystalhses in colourless needles, and 
is difficultly soluble in cold walci, in hot waloi U dissolves easily to 
give an acid solution As an acid the compound is icadily soluble 
m alkalis, but it also possesses basic piopcu tie s, as shown by its solu¬ 
bility in an excess ot dilute nnneiat acid It cleies neit melt at any 
pailiculai tcmperaluie, but decomposes in the neighbourhood of 
300 The sodium salt has been employed in medicine unelei the 

„ * 11 DRP 2 5 ° 2 <H 192a, <lao, 55 1' Stki'llmtin, fin, Kja 67, iju 

E Mischmann, Bti , 1934, 57 , 1759 8 IIuib Schmidt, litt , 1924, 57 , 1114 
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name of atoxyl in cases of syphilis and sleeping sickness In the yeai 
ip02j when this substance was fiist placed on the tnaiket, cxpenments 
weie being earned out by Ehilich and Shiga with the object of cunng 
paiasilic diseases by the injection of suitable chemical compounds 
In this woik the action of atoxyl on liypanosomcs was investigated, 
with lesults which led to furthei expeuments with aisemc denvatives 
and to the valuable discoveiy of salvaisan 


Reduction Ptoducts of Arsamhc Acids 
ppt -Diamino-m senoben lene 1 

On eneigcltc ieduction the aiylai sonic acids aie conveited into 
aiseno-compounds, that pioduced ftom /-aminophenyl aisonic acid 
(atsamhc acid) being //'-diamino-aisenobcnzetic 01 /-aiscnoamhne, 
possessing the stiucluie 

II 2 N )> As As NH, 

This compound can be picpaied in a vanety of ways, such as by the 
1 eduction of /-aminophenyl aisonic acid with sodium hydiosulphite, oi 
with stannous chlonde and hydi iodic acid It melts at 260°, is 
insoluble in walei and aqueous alkalis, but as a base is leadily soluble 
in dilute hydiochlonc acid Oxidising agents attack it lapidly, as the 
arseno compounds in geneial aie chaiacteiiscd by strong leducing 
piopeitics Diamino-atscnobcnzenc also gives the inactions of pnmaty 
amines It is leadily diazotiscd, conveited into azo-dyes,and condensed 
with aldehydes 

The 1 eduction of /-aminophenyl aisonic acid to diamino-aiseno- 
benzene is found to bung about a gicat incicase in toxic power, in 
explanation of which it has been suggested that the chemoceptois of 
the paiasilcs aie able to attach themselves to the tnvalent but not 
to the pentavalent aiscnic lesidue® //'-Diamino-aiscnobcnzene also 
possesses a much gieatei liypanocidal action The belief that only 
those radicals containing tnvalent aisemc cxeit a dnecL liypanocidal 
action led to the examination of othei aisemc compounds and the 
discoveiy of salvaisan 

/-Dihydroxy-w-cUamino arsenobenaene (Base of Salvarsan) —This 
compound, the hydiochlotide of which, undei the name of salvarsan, 
has excited such geneial mlcicst in the medical woikl, was piepaied 
fiom /-hydioxy-phenyl-aisonic acid The laltci was obtained directly 
from phenol and aisemc aud, in the same mannei as phenol-sulphomc 
acid is obtained ftom phenol and sulphuuc acid It was then nitrated, 

* P Ehilich incl Derlhcim, Do , 1911, 44, 1260 9 See, however, II II Dale,Presidential 

Addiess to Section I (Physiology), B A Rep t 1924 
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and the resulting /-hydioxy-w-uitrophenyl arsomc acid reduced as 
indicated m the following scheme 


AsO(OH) a 




-f* AsO(OH)j 


AsO^H)^ 




cone UNO, 
h cone HjjSO^ 



NO, 


OH 

Phenol 


OH 

() Hydroxy phenyl 
muonic Mid 


OH 

p ilydioxy m mlio 
phenyl nrsonlc ncid 



p Ilydroxv w-wimo 
phenyl arsomc acid 


p Dih^dioxy tn dnmino ursenohenyenc 

(lnse of s d\matin) 


Dihydvo chloride of / dihydroxy-w diamino-ai’senohonzone, 

Salvarsan ox* <( 606 " 1 






IICI, II # N 




na 


In the piepaiation of the dihydiochlonde, the ciudc base obtained 
by the above pioccss is dissolved m methyl alcohol containing the 
ihcoictical piopoilion of hydiochlonc acid, and the mixluio stiried 
with sevcial limes its volume of well-cooled clhei All these and the 
following opciations aic, as f.u as possible, conducted in the absence of 
an The hydiochlondc separates out as a miciociystallmc piecipilate 
and is filtcicd off undci auction, washed with tlhei, and dned in vacuo 
ovci sulphuiic acid and paiaflin wax After Uus it is immediately 
sealed up m small tubes which aie eilhci cvacnaUd to a high dcgicc 
oi filled with an mdiffcienl gas 

Salvaisan is a yellow, ciyslallinc powdei, icadily soluble in watci, 
methyl alcohol and glyceiol, less icadily soluble in ethyl alcohol 

1 Fhrlich iml Bcrthcim, Ba , XQXst p 40, 
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and insoluble in ethei A point lequmng caieful attention in its 
practical use is that, like othci atscno-compounds, it is icadily oxidised 
When exposed to the an it lapidly acquit es a piopoilion of the fai 
moie poisonous amino hydioiy-phcnylaisine oude 1 As an injection 
of such a piepaialion would be dangeious foi the patient, salvaisan is 
pieseived in evacuated tubes, 01 in ampoules which have fitsl been 
exhausted and then filled with an lndiffeicnt gas 

Salvaisan has pioved a valuable specific foi ccitam dangeious 
piotozoal diseases, paiticulaiIy syphilis, and has also been used with 
success in cases of vialana it i liana 

Neosalvarsan —Dihydioxy-diamino-aisenobenzenc, the base of 
salvaisan, condenses with foimaldehyde sulphoxylate, when one 01 
two of the sulphoxylate gioups may cnlei the molecule lhc sodium 
salt of the compound containing one such gioup has been placed on 
the maikct undci the name of “ neosalvaisan ” It possesses the 
advantage that when dissolved in watci 01 physiological salt solution 
it is suitable foi injection without fuitlici picpaiation Solutions of 
salvaisan, on the othci hand, aie acidic, and icqunc to be neutialiscd 
with alkali immediately bcfoio injection 

Metallic deiivalives such as copper salvaisan and silvei salvaisan 
also possess valuable thciapculic piopeitics 8 


VIII 

Phenols 

Foimahon —The phenols ate compounds in which hydtogen atoms 
of the benzene nucleus 8 have been lcplaccd by hydioxyl gioups 
According to the numbei of atoms substituted in this mannei we speak 
of mono-, di- 01 luhyduc phenols and so on The inonohydnc 
denvatives, in pai ticulai, aie foimed dunng the diy distillation of 
wood and coal Hence they aie picscnl m coal tar, fiom the 
carbolic oil of which they aie prepaied indusLnally (see p 412) 
Phenols may be picpaicd by the following methods — 

1 By the fusion of sulphonic acids with sodium or potassium 
hydioxide J (p 406) 

2 From diazomum salts by heating with watci (see p 394) 'llie 
sulphates aie best employed foi this icaclion, since with niliatcs the 
nitric acid set fiee may lead to the foimation of mliophenols 

1 Ehrlich nnd Qerthoim, j Set , 1912, < 16 , 76} 9 P Karrci, Bet , 1919, 62 , 33 *9 Dlnr, 

Bnuer nut Ilnllatcin, Bee f 1920, 68, 416 * If tlio hydioxyl group enters Into ti side chain 

msteid of the nucleus, an niomatic alcohol is formed (e t <, hen/yl alcohol, C 0 II 0 CllgOII) 
Compounds of this type arc treated Inter ' It should he rcmcmbeicd that, in tha ibsencc of 
other substituents, the monolnlogen dei Ivnlives of benzene do not exchange hilogcn for hydroxyl 
when treated with alkali hydroxides, thus differing from the ilkyl lutlides 
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3 By the action of oxygen on aioma.bc 01 gano-magncsium com¬ 
pounds, and decomposition of the lesulting pioduct with dilute 
hydiochlonc acid (see p 134 ) 

Pfopeiiies and Reactions —In then stiucluie, as well as in many 
of then reactions, the phenols resemble the tcitiaiy alcohols of the 
aliphatic senes Like these they foim cslcis, but show a chaiactuistic 
distinction in then wcaklv acidic natmc, due to the picscnce of the 
aromatic hydiocarbon ladical This piopcity is lllustialcd by the 
ease with which phenols dissolve in aqueous alkalis, with the foi mation 
of salts The phenols, hovvevei, aie only weakly acidic, and then salts, 
unlike those of the caiboxyhc acids, aie decomposed by caibon 
dioxide These facts aie ficqucntly utilised in the pm ideation of 
phenols fiom neutial oi moie sliongly acidic substances 1 he acid 
chaiactei of the phenolic hydioxyi gioup is influenced by the enhance 
of othei substituents into the nucleus, and is sticnglhcnod, foi example, 
by the piesence of mho-gioups 

Thehydiogcn atom of the hydioxyi gioup may also be lepiaced by 
hydrocaibon ladicals, with the fotmalion of cthcis These aie picpaied 
from metallic phenates by inteiaction with alkyl halides oi salts of 
alkyl sulphuric acids 

C fl II fl ONa l IC 8 II, - C 0 I1, OCJI fl I Nal 

If the vapoui of a phenol, alone oi mixed with that of btiwenc, is 
led ovei thona at 390° to 450°, the coiiespondnig ethu is pioduccd, eg 
C 0 H e O C 0 H b , fiom phenol itself Mixed ethus, such <is C 0 II B o ciL 
aie obtained in the same mannci fiom the mixe d vapoui s of a jihonol and 
an alcohol 1 Phenols aie also quite easily pinny Idled by li eating thur 
alkali salts with phenyl biomido m the piesence ol coppei as catalyst, 

By the action of phosphoius pentachloiidc the hychoxyl gioujiofa 
phenol can be lepiaced by chlmine, though less u.uhly than 111 the 
case of the alcohols When lnalcd with /nit du .1, phenols ait 
conveilcd into the patent hydioeaibons lhe fact that the hvdiogen 
atoms attached to the nucleus of a phenol aie moic easily substituted 
than those in the aiotnalie hydioeaibons has alioaily beta emphasised 
(see p 362) Most of the phenols giv< clnuacluislic coloui icactions 
with feme chlonde in aqueous solution 

Ceitain other icactions which aie pctultai to polyhydnc phenols 
aie descubed latei 

1 Monohydric Plienola and ilioiv DoHvatlvos 

Phenol, t-aibolu aud , Acidum catbolicmn, (* w II ft OIT, is the chief 
constituent of that fi action of coal tai boiling at 170" to 230", and 
generally known as middle 01 catholic oil It is pupated fiom this 
sou tee, aftei lcmoval of naphthalene, by shaking out with dilute caustic 

1 SUnlia nul MuilHc, C > , 1910, let, 359, ,(93 
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soda The aqueous layei is iun off and phenol pi capitated with 
sulphuric acid 01 carbon dioxide Finally it is punfied by distillation 

The foimalion of phenol fiom aniline and othci sources has been 
indicated above 

In the puic foim phenol is a white, ciystallinc substance of melting- 
point 43 0 , which giadually turns pink on keeping It is liquefied on 
addition of a veiy small piopoition of watei, and dissolves completely 
in 15 pails at 20° It possesses a pccuhai pungent smell, is poisonous, 
and is employed in aqueous solution as a disinfectant 

When ticatcd with biominc it yields a white precipitate of 2 4 6- 
Utbtomophenol , a icaction which is used foi its scpaialion and 
quantitative estimation Phenol dissolves leadily in alkali hydioxides 
with the foimalion of sodium and potassium phcnalcs, these being 
obtained in the solid state when the solutions aie cvapoiatcd Undei 
special conditions caibon dioxide intei acts with sodium phenate to give 
as final pioduct sodium salicylate (see Salicylic Acid) This leaction is 
used in the commeicial piepaiation of salicylic acid fiom phenol The 
elect!ochcrmcal oxidation of phenol leads to the foimalion of catechol 
and hydioquinone 1 

HOMOLOGUES, ESTERS AND ETHERS OP PHENOL 

The oresols, CI-I 3 C 0 II t OH, may beiegaidcd as methyl denvatives 
of phenol 01 as hydioxy denvatives of toluene, they aie found with 
phenol in coal tai The isoincis aie not isolated fiom this souice in 
the pure state, but ate usually placed on the mailed in the etude 
condition Since they ate cheapct than phenol, they aie much used as 
disinfectants a 

The ciudc ciesols aie icndeicd soluble in watei by the addition of 
resin soap 01 oil soap Picpaiations of this kind sold as disinfectants 
are cresohne and lywl The tluee tsomeuc ctesols may be obtained in 
the puie state by the methods quoted on p 411 o -Ciesol melts at 30° 
and boils at 191 0 , m-cteto/ melts at 4 0 and boils at 203° p -Cresol 
(m p 36°, b p 202°) is found among the putt cfaclion products of egg 
albumin 

Othei homologucs of phenol are thymol and cm vac) 0/ 


Oil Oil 



Thymol Cirvacrol 

(3-Methyl 6-isopropyl phenol) (2 Methyl $ ibopropyl phenol) 


1 FJchtcr, Btr , 1914, 2003 Helv C/tun Acta y 1919, S r 583 J 4 n A my l m cnsol has 

been found to combine compira lively low toxicity with it high germicidal viltio (Conlthardj 
Marshall Tiid Pymnn,y C S } 1930, 281) 
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Thymol occuts togethei with cymcnc, and thymcne, C 10 II 1B , 

m oil of thyme, fiom which it is isolated by tieating the oil with caustic 
soda and piecipitating the solution with hydiochlonc acid It foims, 
huge crystals, m p 44 0 and bp 230°, which smell of thyme It is 
used as a mouth-wash and in the tieatmont of wounds Oai’vaorol, 
piescnt in Origanum htrtum, is obtained fiom its isomciidc caivono, 
found m can away oil, by heating with glacial phosphouc acid, oi fiom 
camphoi by heating with iodine It melts at o° and boils at 236° 

Esteis of phenols ate pioduced by the action of acid chlondcs 01 
anhydndcs on phenols 01 then alkali salts Like the esteis of aliphatic 
alcohols they aic decomposed into then components when heated 
with alkalis The sulphunc and glyeuionic esteis of phenols and of 
many heleiocychc hydioxy compounds which ate eliminated m the 
urine play an impoilani pait in the animal oigamsm, since by union 
with acids the phenols lose then poisonous ehaiaclei 

Plumylsulplnu'lo aolcl, phuiohttlphui 11 aud > C 0 II 8 O SO ,11, is unknown in the 
fiee stale llic poLassiiim sail oieuis m mine, and may bo picpucd fiom potassium 
phenrue by lie ding it with potassium pyiosnlph ile When licatod in a sealed 

tube the salt lsomeuscs into potassium p phenolsulphonaU, () SO,Is.->- 

IIO C 0 II, SO n K Phinyl antah , C n II r , O LOOII „ boils it 195" 

ITfhtnal dc>ivattvi ? of fhtnol ate obtained m the same mannci as from 
aliphatic compounds, by the ueltoii of phenatos on ilkyl halides 

C B II„ O Nall til, - C„II* O ( II, | Nil 

It lias alieady been stated that aiomalu li dogen deuvalivcs nact less icadily 
than lhos<j of the aliphatic senes, and the puiely uiomitu ethcis, such as 
C 0 II 8 ,O C fl llr, can only be ptepued by the above leaclion in the picsoucc 0 / 
finely-diviclcdcoppet as calalysl rhenohe etheis aic cxri ediugly stable substances 
Ihose containing an aliphatic mdtcal an only dec (impost d by ptolnngcd heating 
with alcoholic potash oi hyduodii irid, (^,,11^ 0(11, I III LqIT 8 OJIH CIIjjI 
When ticated with mine acid, 1 two leirlums pmietd eoinuuently, vi/, mtiation 
of the otbei I, and convulsion into dtmiuvts of diphenyl mtiu acid (diphenyl 
hydioxylamine oxide) II 

0 011 
N 

7 / >ocn * 

II 

Phenyl methyl cifte^ aniaolo, C ft II ( O (|[ h is m olcmilrss liquid, b p 155°, which 
resembles the ethyl clhci, phenotolo, ( „Il O (\H , b j> 172 , ui possessing a veiy 

charactcusUc smell Phenyl othoi% C O < 0 II,miybc obtained fiom phenol 

by the dehydrating action of me rhtoiuh, 2t JI S (>II (( fl II) O \ II/), and also by 
vmtmmg ben/cne dm/omum sulphate with phi not H js best piop tied by he.itmg 
potas&umi plienatc with biomobcn/onc in the pioscnce of fine ly divided toppoi 

C 0 TI„ OK 1 lhC n II B -^ t) O 0 ll n 1 KBr 

It is a pleasant smdlmg subalancc, m p 28 and b \> which is not hydrolysed 

by heating- with hydnodu. acid 

1 K II Meyer and IhlUoth, Pu , 1919, 53 , 1176 
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SULPHONIO, NITRO- 1 AND AMINO-DERIVATIVES OP PHENOL 

Oitho- andpara-phenolsidphomc acids , IIO C 0 IIj SO fl II, .ue foimccl 
when phenol dissolves in concentialcd sulplnuic acid Undei the 
influence of heat the o compound passes into the /-compound The 
potassium salt of the /-acid is also obtained by the isomeiisalion of 
the potassium salt of phenylsulplnu ic acid (see above) When 
/-phenolsulphonic acid is licated with iodine it yields 2 6-duodo- 
p phenolsulphonic acid, used as an antiseptic undei the name of 
So^o todol m Phenolsulphonic and is foimed ft am ?«-ben/cne-disul- 
phomc acid by the action of potassium hydi oxide 

Phenol is veiy easily intuited, and yields, accoiding to conditions, 
mono-, di- or tiiniliophenols, m which the nitio-gioup substitutes 
almost entnety' in the o- and /-positions, and little 01 not at all in the 
^-position to the hydioxyl Kvcn dilute nituc acid can nitiatc 
phenol As has aheady been mentioned, the nitio-dciivatives aie 
more sliongly acidic than phenol itself, and decompose caibonates 

o Ntt>ophenol % IIO Coll! N 0 2 , foims yellow ctyslnls, mp 45° and bp 214° 
p Nihophenol fonns col mu loss needles, 111 p 114 '1 hose isomei s can be sejm Ucd 

by distillation in stcun in which only the o compound is volatile, the / nitiophenol 
lemaming behind m Nihophutol is obtained by Iho dm/otis'ilion of m mlianiline 
and is a yellow, ciystnlhnc substance, 111 p 96 

Pioido aoid, 2 4 6~i;imtiopheno/, IIO C a II 2 (N 0 2 ),, is a compound 
of gicat technical impoitancc It is picpaicd on the laige scale by 
tieatmg phenol (1 pait) with sulphuuc acid (4 to 6 pat Is of sp gi 
i 84), the mixture being then added with stimng to conccntiated mine 
acid (7 5 pails of sp gi 1 38) Dm mg the addition the tempeiatuic is 
maintained at about io D , aftci which the mixluic is giadually wanned 
to about 8o° to go", till gas evolution ceases Pienc aeid eiystalliscs 
out on cooling It is filtcied ofl 01 sepaiated m a ccntnfugc, washed 
with watci and leciystalhscd fiom hot watei Not moie than thiee 

mtio-gtoups can be mtioduced into phenol by ticalment with 
mine acid 

Picnc acid is also foimed by the action of nitric acid on a gieat 
variety of 01 game substances, such as silk, wool, Pern balsam and 
indigo 

Picnc acid eiystalliscs in pale yellow leaflets of an intensely billet 

taste It is only spanngly soluble in cold watei, and melts at 122 0 

In an acid bath it dyes sills and wool yellow, but the colom is not 
veiy fast 

Although not now used as a dye, picnc acid is employed in laige 

1 The tautomeusm obseivetl by Ilintzsch (Bet , 1906, 89, 1073, 1084) in the case of the 
esters of mtrophenols, and the light thus llnovwi on the constitution of the nitiophcnols themselves, 

is discussed Inter In connection with the quinoneB Ntiiosophtnols tre described under o\imes ot 
qutnone 
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quantities as an explosive When suddenly heated, oi detonated by 
means of fulminate of mercmy, the compound decomposes accoiding 
to the equation 

C 0 II,(NO,) fl OII - 6CO tII + 3N + II s O 

Picuc acid is one of the most poweiful explosives, and is known by 
vauous names, eg lyddite in Gieat Bulam, melinite in Fiance It is 
used as a filling foi shells and as an explosive by sappets Dunng the 
last few decades, tiInltvotoluene (T N 1 ), C 0 If 2 (NO 2 ) (1 CII a , has come 
into use ns a filling for high explosive shells While this compound is 
almost as poweiful an explosive as picuc acid, it is gieally supcnoi to 
it in a numbei of othei tcspecls 

Chaiacteiistic among the chemical piopeilies of picuc acid aie 
those due to its stiongly acidic natuic When tieated with phosphoius 
pentachloi ide, picuc acid exchanges the hydioxyl gioup foi chlonnc 
and yields pictyl ihlonde, CoII^NO^j Cl, mp 83°, which lescmbles 
the acid chloi ides in its bchaviout With ammonia this compound is 
convcitcd mio pic/amide, C 0 II 2 (NO a ) B NII 2 , m p 188’ Potassium piciale, 
C 0 H e (NO a )jOK, and ammonium putate, C„II„(NO a ),,ONII„ aie as 
explosive as the fice acid, although little use is made of them When 
the silvei salt is healed with ethyl biomule, it yields t> uni/o-phtnetole , 
(NO a ) 8 G 0 II a OC a II 8 , togclhci with wMimilio-phcnol ethyl ether, 1 

<no,)a <° 0 oc lh 

Picuc acid unites with many atomaUc hydiocaibons, such as 
naphthalene and anlluacenc, to foun beautifully ciyslalline eolouicrl 
addition compounds, which aie sometimes of seiviec in the tccogmhon 
and isolation of these hydiocaibons 

On l eduction the niliophcnols give anunophenols, in the same 
way as nitio-hydiocaibons yield amino-compounds Anunophenols, 
as would be expected, ate both acids and bases In the fue slate they 
icaddy undcigo decomposition, but the hydioehloutles au nunc stable 
o-Aminop/teno/, Nn a C (,1X4 Oil, melts at 170'', and its methyl ethci, 
<3-anlsldine, NIIj C U II 4 OCII,,, is a liquid of bp 218" Like the 
tJ-plienylene diamines, the o-ammophenols tend to foun cyclic com¬ 
pounds, eg with cai boxy lie acids they yield ben c,t> \a^oles t 



0 Ammophcnol /i Methyl bcnzox'i/olc 

(IHhcnyi unmophcnol) 


annnophcnol, (C a IT c ) a N C n IIi Oll.mp 87”, and dimethyl 
m-amtnophcnol, (CH„) a N C 0 IIi,OII, aio piepaied by fusing together 

1 Hanl/adt tmd Goikc t IUi > 1906, 80 p io*/7 



DIIIYDRIC PHENOLS AND TIIEIR DERIVATIVES 


417 


diethyl 01 dimcthylamline m sulphomc acid and sodium hydioxide 
They aic used foi the manufacture of lliodamine dyes 

p Ainmop/ienol, mp 184°, is fotmed when /-niliophenol is reduced 
with iron and hydiochlonc acid, and is best piepaied by the electrolytic 
1 eduction of nitioben7cnc in sliong sulphuiic acid solution (see p 378) 
An alkaline solution of '/-aminophenol, containing a little sodium 
sulphite, is sold as a photogiaphic developei undei the name of rodinal 
Its methyl detivativc, CII 8 Nil C 0 Hj Oil, known as metol, is also 
used foi the same puiposc p -Phcnettdtne^ NI-I a C 0 IIj OC a H c , the 
ethyl ethci of ^-aminophenol, is employed in the prepaiation of 
accto-/>-phenetidinc 01 phenaoetine (^-ethoxy acetanilide), CH g CO 
Nil Colli OC a H c , mp 135 0 , which is used as an antipyietic and in 
cases of neuialgia, and also in the piepaiation of laotophenine or 
lactyl-phenetidine and a numbci of othci compounds 

2 4- Dunninophenol) obtained from 2 4-dintliophenol, is also of 
inteiest, as its sodium salt is employed as a photogiaphic developei 
under the name of amidol 

2 Dihyctvio Phenols and their Derivatives 

In the mam the di- and polyhyduc phenols closely icsemble 
the monohydnc compounds 111 then piopeilies, but many of them 
aie strong reducing agents in alkaline solution They ate gcnetally 
piepared fiom the di- 01 polysulphomc acids of aiomatic hydi ocai bons, 
01 from phenolsulphonic acids, by fusion with potassium hydi oxide 
Accoiding to the lclalivc positions of the two hydioxyl gioups the 
dihydnc phenols show chaiactenstic diffci cnees in chemical behaviout 

The o) ///0-compounds frequently give gieen coloialions with feiric 
chlonde, and teadily yield hetciocyclic denvalivcs in which the two 
hydiogen atoms of the hydioxyl gioups ate icplaced by a divalent 
tadical 

The meta-com pounds usually give a deep violet coloi ation with fei 1 ic 
chlonde, and undcigo the fluoicsccin icaclion, te x when healed with 
phthalic anhydi ide they yield phthaletns t which show a gi ecn fluoi escence 
in alkaline solution 1 

The pma compounds on oxidation veiy easily pass into quinoncs, 
which aie readily lccognised 

Oatecliol, pytotateUnn, a-dthydi0 1 y-beiuene^ C 0 IIi(OII) 2l mp IO4 0 , 
occurs in living as well as in fossil plants Thus it has been obtained 
from calcchin, moringatannic acid, kinotanmc acid and othci souiccs 
containing tannic acids, and has been shown to be ptescnl in ciude 
wood tar, ciude beet sugai, and the tai walcis fiom bituminous shale 
and coal It is formed by oxidising phenol with liydiogcn peioxide, 
and fiom c-bcn/cncdisulphomc acid or 0-phcnolsulphomc acid by 
fusion with alkali The monomethyl elhci,^//<7/rt;«j/, IIO C 0 IIi OCH 8 , 

1 Tins reaction is liindered by sxibstiUition in the metu position to the two hydioxyl gioups 
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occuis m the ciude cieosote or beech tat An aqueous solution of 

catechol gives a gtecn colom with feme chloude, which changes to 

deep tecl on the addition of alkalis, alkali caibonatcs 01 ammonia The 
red coloui is due to the foimation of the complex [Fc(C (1 H 1 O s ,) JI ]II 8 , 
which m alkaline solution gives a led anion Othci phenols and 
phcnol-caiboxyhc acids also give deep coblations with feme chloude 
m alkaline solution A veiy impoitanl dcitvaUve of catechol is 

adienahne (p 671) 

Resovoinoi, m~dihydro\y-ben,ene> C (i nj(OII) 2 , mp 119°, is picpaied 
technically by fusing beiwene disulphomc acid with alkali at 235° to 270’ 
H ciystallises in ihombic pi isms 01 plates, which leathly dissolve m 

watei, alcohol or cthei, and give a deep violet coblation with feme 

chloude It yields (luoicscem on being heated with plithalic anhychidc, 
and is used in the picpaiation of dyes With cold mint acid it yields 
a Itimlio-dcuvaLivc known as styphntc aad> mp 175 0 , which is also 
foimcd by Heating vauous gum-icsms with mine acid It has been 
shown 1 that the action of ethyl iodide and potassium hytlioxide on 
itsoicinol leads to the foimation of lcsoicmol diethyl cthei, accompanied 
by not mconsidciable amounts of tu- and tUiaclhyl doiivatives of 
lcsoicmol ihe iattei compound possesses the stiuctuie I, 

I CO II U> 

iic/'yxcvij, IK /Vn, 

irdlJc of,, 11, iK'^t o 

c cn a 

thus piovmg that, dimng the ethylation, part of the lcsoicmol leacted 
in the kcto-enoiic fmm In othei winds, wc have lieu* an example of 
the tantomeiism oj lesomuol Resmemol combines with sotlumi 
bisulphite to give a pioduet which is in all piobalulity the insulplutc 
compound of 3 5 diii'lo-hcxcnHCt/iy/iiic-i-sufphoiui at id Phe foimation 
of tins substance may be explained “ cm the aaaunplion that it is dcnvul 
fiom the tautomeuc foim of lesoiunol, II 

n XIoxyh’osoi’oinol, C(tj»o/ t ol, (011 Oil < 0 f I i, t 1 3 ls * l valuable 
internal anLiscptie of high geimicnlal value '* (</ p 351) 

Hyctioqulnouo, quuio( t p di/tydt0 1 y-bcu otv/a, mp is picpaied 

by 1 educing qumone with suljihmous acid, and by vutue of its 1 educing 
pio]ictlt(s is used as a phologiaphic developu With oxidising agents 
it js easily convulcd into tjiunonc Sodium bisulphite unites with 
hydioqumone to give 1 <\-difiyd>o\y /u'umu'tfiytaw-i 2 <\-(nsutpimu 
nuil 1 r lhis icaction, as well as tcitain changes which lake place m 

1 11 ml /eiscl, iloimts , iSyo, 11 , 251 1 l* 9 ii 14 , 3?0 Jin , lyao, B 3 , siH , 19 * 1 . G*. 

140J * W l’tiiln ami J'lsncr, Ha , i<)*o, G8, HH6, lyap BV, ia*5 8 Jolimum and l me, 
/ A ( V, nj3i, 48 , 3{H , Dulime, Cox mul Miiltr, 40 , U»H8 1 W I'udia nnd 

Fhner, lift , 1919, 52 , 22R1 



TRIHYDRIC PHENOLS 


419 


the hydroquinone developer, aie explained by the assumption that 
hydtoquinone may also leact in taulomenc fonn as an unsaturated 
cyclic ketone 

Of the six dihydioxy-toluenes, CH 3 C tt H 8 (OH) 2 , the most 
impoi tant is oroinol, 3 5 -dihydt0xy-toluene t which may be legarded 
as a horaologuc of rcsoicmol It occms in the ficc and combined 
state in many lichens of the Roccella and Leconota families, and may 
be obtained fiom o>sclhnic acul by boiling with lime, 01 synthetically 
fiom acetonc-dicaiboxylic estei Oicinol ciystalhses with x mol H 2 0 
m colouiless pi isms, mp 107° and bp 290° When exposed to the 
air in ammomacal solution it is liansfoimed into onetu, C 28 II 21 N a O ?) 
a leddish-biown amoiphous powdei which foims the chief constituent 
of the dye oiseille (Fiench pm pie) Closely 1 elated to oicem is 
the dye litmus , which is also picpaicd fiom lichens of the above 
vanetics 


3 Triliydrlo Phenols and their Derivatives 

All of the thicc possible isomeiides expected on theoiclical giounds 
aie known, vi/, pyiogallol, phloioglucinol and hydtoxy-hydioquinone 
Pyrogallol, pyrogalhc aud i 1 2 ^-t) ih}d> o\y-be)ueue, is picpaied by 
heating gallic acid, C 0 II a (OII)j COOII = C 0 II 3 (OII) a + CO 2 It foims 
white plates, mp 132 0 , which dissolve icadily 111 watci In alkaline 
solution it turns blown owing to absoiplion of oxygen, and hence is 
sometimes used foi estimating oxygen in gas analysis 1 Owing to its 
1 educing ptopeitics it is also employed as a dcvelopct in phologiaphy 
Phloioglucinol, 1 3 ^-tnhydio\y~benzene i C' 0 II 3 ( 011 ). t , melts at 218°, 
and is obtained as a disioption pioducl of ccitain complex substances, 
eg fiom many lesins by fusion with potash It is best prcpaied 
fiom symmctiical tnamino-bcn/cnc by heating with acids Syntheti¬ 
cally it may be obtained by Baeyci’s method fiom sodio-malomc 
cstci, which icadily condenses to phloioglucinol titca/boiyhc estn , 
C 8 (OH)j(COOC 2 IT 8 ) 8 , and this on heating with alkalis yields phloio¬ 
glucinol Phloioglucinol is a tautomciic compound, leading not only 
in the phenolic fonn, I, but also as a hexamethylcne tnketone, II 


I 


C—OH 
IICT^CII 


110—C 


v/ 

CH 


c—on 


II co 

ilc/Ncil 


oc 


Clin 


CO 


Thus as a phenol it yields a tumethyl etliet, C 0 II s (OCII a ) B , and a 
tnacetyl deuvative, C 0 H„(O CO CII„) 3l and as a ketone it foims a 
tiioximc, C 0 II,(NOII) a 

1 or the chemical changes occnmng dining this reiction see Ilarnes, Bet 1 I902 t B6, 2951 
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Hydioxy hytli oqtiinone, I 2 4 trihydt oxy benzene, m p 140, it, ptocliu-nd m 

small amount when liydioqmnone is fused with ciustic socH Its tuacet ite is 
easily obtained by warming qumone with acetic anhydude and camxntialed 
sulphuric acid 

4 Polyhydvic Phenol 0 

Of these, only liexEiliyrtioxy benzene, C ft {Ori} 0 , need be mentioned I he 
potassium salt of this compound, G 0 (OK) g , bcttei known as potissium carbonyl 
is obtained by leading carbon monoxide ovei heated potassium, md is also foimed 
during the piepaiation of pot issium fiom chaicoal and potassium c ubon ttc, when 
it occasionally gives use to explosions With hydiodihmc tad the pot issium salt 
yields hevihydioxy ben/enc, a white crystalline substance winch leidily mulcigoes 
oxidation 

Coiiesponding to the thioalcohols and the xlkyl sulphides aie the thiophenoiB, 
eg 0 * 11 * S 1 I, and the phenyl sulphides ihey aic of little mipoitancc and 
cannot be descubed here 



Qumone and Qmnonoid Derivatives 


By quinones ate understood compounds in which two hydiogen 
atoms of the ben/cne nucleus aie lcplaccd by two oxygen atoms, the 
pioducts bemg distinguished as o- and /-qumoncs dccoiding to the 
iclativc positions of the substituents Up to the piesenl no w qmnone 
has been isolated, 1 and o quinones of benzene and its alkyl and halogen 
derivatives have only been picpaied m laic casts and foi the most part 
within lecent ycais Foi this 1 cason the /-compounds, which weic 
the fust to be chscoveied, weie descubed shortly as quinones, and the 
name is still gcneially employed in this stnsc ihe constitution of the 
bcn/oqumoncs is cxpiessed in the foiniulsc I and 11 below, and that of 


r 




e Qumone 


c o 



p Qumone* 




2 



ns cn a 

iic/Ncii 


iic 


\/ 

cn 


!cii 


1 Ncvcrlliclcsa it 13 probable lint tompoimda of ihe tn rjumomml tyjMi ire npnbU. of LXialuirc, 
see IIoutMch, Bet t 1906, 80 , 1095, O Sttult, tta , 1913, 40 , 25^ Whcthu tlic tulnoino 
1 esoqumono tlcsciihcd by R Meyer md Den unui (/>V; > 1908, 41 , 3437) ib ibtiinjly iw Qumone, 
ub ttBsumcd by the ruilhoie, requires furthei proof 
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other qmnones in a similat mannei It will be seen that they aie 
lepiesenled as diketo-denvatives of an o- 01 /-dihydioberuene (see 
I a or II<r) 

o Benpoqulnone, a qulnone, 1 is obt lined when catechol is oxidised with silvei 
oxide It exists in two solid modifications, 011c labile mcl ciystillising in blight 
green needles, the olhei stable and ciystallising in led, tianspuent plates’ 
Piobably we aie heio dealing with dunoiplioiis foims of the same substance, which 
aie identic\l in solution but, owing to a difieicnce m ciystal stiuctuic, exhibit 
difleient coloms in the solid state o Quinonc is odouiless and non volitile It de 
composes on stinding, and is 1 educed to catechol on ticalment with sulphmous icid 

p- Quinones or qmnones , of which the simplest lepiesenlalive ii 
oidinaty qmnonc, aie fanned by the oxidation of vanous paia- 
di&ubatitution pioducts of aiomatic hydiocaibons Most of them aie 
yellow compounds of pungent smell, and aie volatile in steam 
They ate icaddy ieduced, taking up two atoms of hydiogen to foim 
hydioquinones They combine with two molecules of a monohyduc 
phenol to give phenoquinones, and with one molecule of a dihydne 
phenol to yield daik colouicd addition compounds such as quinhydione 
(see below) 

Qulnone, bcnz.oqntnone i CoIIjOg, was fust obtained by the distillation 
of qtunic acid with manganese dioxide and sulphuiic acid, and is also 
foimed by the oxidation of many /-disubstitution pioducts of ben/ene 
( e £ > /-aminophcnol, sulphamlic acid) It is usually ptepared by 
oxidising aniline with sodium dichiomate and sulphuiic acid Qumone 
foims golden-yellow ctystals, m p iC( 5 °, possessing a pcculiat, pungent 
smell, it is volatile in steam, colouis the skm biown and is poisonous 
With a gieat vanely of substances it unites to foim addition pioducts, 5 
eg with hyclioquinone it yields quinhydrone, C 0 II d O a , C 0 Uj(On) a 
The lattei ciystalhscs m giccn pi isms of metallic lustic, and occius as 
an inteimediate pioducl in the 1 eduction of quinonc and the oxidation 
of hydioquinonc, on fuilhci lcduction it is Uansfoimcd into hydro- 
quinonc, and on oxidation into qumone 

A. vohinietnc estimation of qmnones by means of titanotis cblonde is based on 
then ease of icduction 4 , in the case of qumone the icaction pioceeds accoidmg 
to the equation 

C 0 lI,Oj \ 2 1 iCI<) l altu - C 0 II,(OII) a i sfiGl, 

The quinonc is dissolved in walei and ticnled with an excess of standaid titanous 
chloude solution, nftei which the unused titmous chlondc is titiatcd with non 
alum, using potassium thiocyanate as indicatoi 

Tetmoliloioqutnone, oliloianll, C Q CI,0 2) is pioduccd by the chlmmation of 
qumone, and also fiom a numbei of aiomatic substances, such as phenol, by the 
action of chlonnc oi of potassium chloiale and hydioclilonc acid It is employed 
as an oxidising agent in the nmnufactmc of dyes 

1 Wlllst'iltci, Bet , 1901, 87 , 1.744 •* Willsl’iUer, Bn , 1908, 41 , 2580, igu, 44 , 2171 

Kchrminn and Cordonc, Bet , 1913, 48 , 3009 S Goldschmidt mil I' Grnef, Bet , 1928, 
01B, 1858 J For addition pioducts of phenols and qtimoncs, see IC II Mcyei, Bet , 1909, 
12 , 11 *9, 1910, 48 , 157 W Schlenlt, Amt t 1908, 833 , 313, 1909, 808 , 271, 295 * E 

Knccht and Htbbeit, Bey , 1910, 48 , 3 (.55 See also Wdlst'Utci and Majima, Bet , 48 , 1171 

2 D 2 
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The Quinhy drones 1 


The simplest member of this gioup is the above-mentioned 
quinhydrone (Wohler, 1884), the constitution of which has given use 
to much discussion It is now almost gencially agiccd that the 
quinhydioties are to be classed as moleculai compounds This view 
is confumed more particularly by the woik of Pfeiffci, fiom which it 
appeals that in the quinhydioncs the caibonyl oxygen atoms of 
the quinonoid components aie united to the unsatuiated caibon atoms 
of the ben/enoid components Since piactically all quinhydioncs, as 
well as the phenol-ether and hydiocaibon compounds of the quinoncs, 
aie composed of 1 mol quinonc and x 01 2 mols of a bcivenoid 
dciivative, we aie led to the assumption that each caibonyl oxygen 
atom can link up to one beivenoid molecule, as indicated in the 
following foimulcE 


Q c 0 h 5 oh 



C fl H 6 OH 


Phcnoquinone 


o 



O C 0 II t (OII) a 

Quinhydi one 


The union is effected in such a mannci that the subsidiaiy valency of 
the oxygen atom is satuiated by a unifoim field of affinity, which is 
pioducecl by all, 01 at all events by the majonty, of the unsatuiated 
caibon atoms of the ben/ene clciivalivc 

This conception enables us to icpicscnt giaphically the close 
lelationship existing between quinhydioncs, the colon led molcculat 
compounds of mtio-denvatives, and the colomcd additive compounds 
formed by ketones with acids and metallic sails 


Qumhydroncs 


f R a c= 

~0 

Ilm 


Moleniltu f 

R a c= 

=0 


on 

Com]ioumla of j 

U a c= 

=0 

llm-1 

Nil, 

Nitro dcrnmtivcfj \ 


U NO fl 
U.lStOj 
R NOB 


r 1 1 t 

Ililochiomic Systcim -I u ' 


~( ) 
o 


IIX 

MoX 


C'« 11,™ 

UtI.i-1 oil 

UHm.! Nil, 


The connecting link between these 01 game moleculai compounds 
and similai moiganic complexes is piovided by the compounds 
formed by ketones with metallic salts The lattci stand in the closest 
lelationship to two of the best-known gtoups of moiganic compounds 
of this type, vi/, the double salts and the metallic ammmes 


R g C=0 KC1 Am- 1 

SnCl, SnCl, SnCl, 

R,C=0 KCI Am 

1 Compare P Pfeiffer, Otganische MaUhllva butditngen, ediled by J Silimidt Cluikc, 
Stuttgut, 1927) a Am=ninmu 
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QUINONOID COMPOUNDS 

Fiom o~ and />-qumoncs 1 ate denved a numbei of colouied 
substances, winch ate fotmed by the replacement of hyehogen or 
the ketonic oxygen by monovalent ot polyvalent atoms 01 gtoups 
Such compounds, which still contain the auangement of linkings 
characteiistic of the qiunoncs (foimulcc I and II, p 420) ate said to 
have a quinonoid sti iictuie In spite of the non-cxislencc of w-quinones, 
compounds of the in quinonoid type appeal to exist undci ccitain 
conditions 2 

F01 many teasons quinonoid compounds have atti acted a considei- 
able amount of attention fiom chemists They aie of importance not 
only in piactice, foi example many dyes belong to this class, but also 
from the theoietical standpoint All these substances have a gicat 
tendency to change ovei fiom the quinonoid to the aiomalic type 
(containing a benzene nucleus with thicc double bonds), and this 
tendency fiequcntly leads to lemaikablc movements of the side chains 
in the molecule Thus it has been shown that the tiansfoimation 
of the qtunol complex I into the conesponding aiomatic stmeture may 
take place, accoiding to cxpcilmcntal conditions, by the migialion of 
either the hychoxyl 01 methyl gioup to anothei position in the 
nucleus 

Foi example, 2 4 -dunethyl-qmnol II isomerises into p 1 ylohydio- 
qutnone III 



Quinone-lmln es 

These aie denved fiom quinoncs by lcplacing one 01 both of the 
ketonic oxygen atoms by the mnno-group Nil, or the alkyl- 01 aiyl- 
lmmo gioup NR The simplest lepiesentatives of the class, qmnone- 
tmtne (I ) and quinone-dmmne (II), have been ptcpaicd by Willstatlei 8 

1 IIN O 11 IIN / Nil 

1 The intense colour of these compounds may be asenbed lo the fact tint they arc 
composed of four cliromophoro groups (see p 73)* viz, two C==G gioups and luo C =0 
groups s HftiUzfich, Be* * 1906, B9, 1095 O Stark and Grubcn Jmve descubed a hydro 
carbon crystallising in yellow needles, obtained from isophthahe eslci and phenyl magnesium 
bromide From its method of formation and properties Lius is described as tn ciuinonoid in structure 
and formulated as tctraphenyl-/w xylylene, Bey , I9i3 ( 40 , 659, ^ 54 3 8 , 

190 f, 8 * 7 , X 40 b 4605 , Be) , 1905, 88, 2244 
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quinone-tmines, indamines 

a „ lnon6 inline fl )is obtained by the oxidation of/ aminophenol with silvei oxide, 
NH CH 0H + 0 = NH C fl H 4 O I II a O It forms colouiless ciysiik smelling 
like 'aumone, winch wpidly dm ken m colon. It is exti loidmanty utifcUblc ind 
decompose., xapidly on lying m an On w timing for i »hoit tune w.lli dilute 
snlohuric acid it is hycholysed to qumone and nminonn With stannous chlonde 
and hvdrochlonc acid it is reduced to / umnoplicnol Qninono dihnino (II) i* 
formed m similar mannei by the oxidation of fi phcnylenc diamine, and by the 
reduction of qumone dichloro dnmme It ciystnlliscs in colon, less needles, inching 
about 124° which are very unstable With stannous clilondc m acid solution 
It is readily reduced to / phcnylenc dnmme, and with dilute sulphunc Hid it 

yields qumone uid ammonia 

As aheady mentioned, both the above tonnes ate colouiless in the 
crystalline slate, and by compauson with qumone and the fidveucs 
(p 35 x) it would appeal that, m conti aduAion to ^ the view long held, 1 
the gtoup C NH is a wealcet chiomophoie than C O oi C C 

QutHOite-iiiwwis is the patent substance of huge classes of dye-stuffs, 
chief among which ate the indamines and the a/uics lvcccntly ccilait) 
othei types of dyes, paiticulaily in the diphenyl- and Uiphcnyl-methane 
seues (to be dealt with latei),have also been foimulatod m the same 
manner as the qumonc-immes 

Indamines arc most leadily picpaicd by oxidising nuvlmcs of 
monamines and /-diamines, oi by the mleiaction of amines and 
qumone dichloro dnmme, 1 C 1 N C 0 Ili NCI In the foimci loaclion 
it may be supposed that quinone-dumino is fust piodnccd, which 
then m the couise of fiulhei oxidation icacts with the /-hydiogen 
atom of the amine as follows — 


Nil 

1 

/N 


2 


Oxidation 





nii 2 

p Pfumylenc 

dmmme 




to give 


Qumone 

dmnrnc 


Nir 3 

Atulinc 



Inchmino 


In confirmation of this, it is found that quinono-innnc sails yield with 
amines intensely coloiuet! solutions of intlainiiKs 

J The investigation of the qumone imuw Ins nlso lei] lo the di icwcr> that cert un tjtdiionoui 
compounds c*m exist jn both coloured ntid coiourlcfls forms (WiIlBluttcr) h V# t 2^441 

WillstHtter and PJcc^rd, Be} t 4J, X45S) U\ addition it 1 h runmUitde ill it whereas 

the simplest qmn^ne inuneg nro coiourlesB ind give colourless sills, nil the ilk^l derivatives 
pheny)tuedi'irriifieyicjd intensely coiouicd o^idfitlou pioilucu which leirt ns rjumoiiunonuiin 

/ 

\ 


salts of the type of UN 



NCCIJqJjCJ Iheyor ( 7 >V; , 1905, 08 , 561), Ann > 1907^ 


S 54 , 163), -md ilso Willstattei {lie) f 190#, 41 , X 168 ), suggeat tint colom is produred in orguuc 
compoundg hy the oscillation of some of the constituent atoms J 1 or the simplest qmnonoid 
dyes, see J Pucud, Ajx t iOtt % S 81 , 3gr a CJulnone ohloiimlno, O 0 fl lXj NOh uid 
the above dt oh loro dit mine lire best picp'uul by the oxidation of / ununojdicnol hydtochlorjde 
or / phcnjlene dnmme by means of hypochlmilc solution 
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Indamines aie also foimcd by the action of mtioso-dimethylaniline 
on amines 

Indamine, 01 phenyleno Mue (foi mull, see ibovc), is obtained by the oxidation 
of an equimolcculu nmtuie of fi pbenylene chammc and imhnc, and is the 
simplest lcpiesent itivc of the mdammes It fotms greenish blue- silts, most of 
which ate soluble m w itei, uul with t educing agents is convex ted into/diamino 
diphenyl iminc JiUanuthyl uuhimim^ G m II 10 Nt, is obtained in a sunilat mannci 
from dimethyl y phcnylcnc di mime and dimethyiamlinc Its silts also dissolve 
to give gicen solutions, the hydiochtomlc being known as Ihndschedlci’s Gicen 
The intlophonola ue closcdy lelHcd to the mchmmes, uid aie obtained by 
oxidising mixtmcs of phenols with / di mimes ot fi unmophenols, 01 by the action 
of nitioso dimethylimlme on phenols Whcieas mdamines uu amino dcilvatives 
of phenyl quinone diiminc I, indophenois ue amino deuvatives of phenyl quin one 
imine II 



The only membus of this class used technically as dyes aie those picpaicd fiom 
fi phcnylcnc diamine in conibm ilion with phenol 01 a naphthol 1 he 1 utei is known 
as a mfiht/wl hhte 

Ceitmn hctciocyclic compounds which give rise to impoitant dye stuffs, such as 
fihenazme ind acridine (see p 66 r), may also be foi undated as qu mono id deuvatives 

Nitroeophenola aud Quinonoximos 

^-Ntliosophcnols may ho obtained by the following methods —■ 

1 By the action of mlious acid on phenols 

2 By boiling /-mUoso-alkylamines with alkalis, eg , 

ON C 0 II t N(CU n )o 1 KOII - ON C 0 ir A OK hUNtCII^ 

3 By the intci action of hydioxylaminc hydtochlondc with qumones 
in aqueous oi alcoholic solution 

These methods of picpaiation indicate the possibility of two 
constitutional foimuhu fot the mtiosophcnols, eg foi y^-nitiosophenol, 

IIO C fl II 1 NO O C (l H t N Oil 

fi Nitio^ophcuol yuinone mouoxnnc 

The nitioso foimula is suppoitcd by methods i and 2 and also by 
the fact that mtnc acid oxidises the niti o&ophenols to nitiophcnols 

On the olhci hand, the quinonoxunc foi inula piovidcs the best 
explanation of method 3, and of a numbet of othet ptopeities and 
teactions of the mtiosophcnols, such as their weak basie chaiactci> 
the foimation of quinone dioximes, eg Cdll^NOII),, when they aie 
treated with hydioxylamme hydiochlondc, «md their convcision on 
mcthylation into methyl ctheis of quinonoximes 

For these tcasons it is assumed that wc ( uc hcic dealing with a 
case of taulomeiism Probably the fiee compounds concspond to the 
nitiosophcnol foimula, while then salts possess the oxime stiuctiuc 

Methyl ethers of true nitiosophenols have been prepared by 
A Baej^ei and E ICnoir, 1 who found that anrstdme could be oxtdised 

1 Let , igoz, 85, 303<1 
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by Caro’s acid to give mtroso-amsolc, i e , the methyl ether of the tine 
nitiosophenol, a leaction stmilcii to the oxidation of aniline to mtroso- 
ben^ene by means of the same leagent 


.NH 3 

cii 8 


> c 0 n 



NO 

o cn 8 


The ^-compound has never yet been piepaied entnely fice ftom 
j )-mtro am sole, which is foimed at the same time On the othei hand, 
o nitroso anisole is known m the pule state When hvdiolysed with 
a solution of acid potassium sulphate it yields o nitzosophenol In its 
tcactions the lattci sttongly lesemblcs />-nili osophenol and hence is 
piobably identical with the monoxime of u-qumone 


Hych'oxy-azo oompoundB and Qutnone PlienylliydraisonoB 

p Ilydioxy azobenzcnc and othu suvnlii compounds tuc icgaidcd as tiutomcnc 
substances , in no simple case 1ms it been found possible lo isolate both desmoliopic 
forms Both types, vi/ , the quinonc phenylhydrazone and the hydroxy a/o compound, 
exist, howevei, in a scucs of denvatives thus the acyl dcnvitivcs of p hydioxy 
a/obcn/ciie ancl the coucsponding isomciic acyfitcd quinonc phcnylhydia/oncs aie 
both known, and nic foimed by the action of unsymmetuc il acyl phcnylhydtazmcs 
on licn/oquinone Quinone ben/oyl phenylhycha/ono has been shown lo undeigo a 
pcculiu intiamolcculu change when shaken in diy ithoacal solution with powdeicd 
potassium liydioxide 1 Undei these conditions ihc hcn/oyl gioitp moves to tlio 
oxygen atom standing in the p position to the finthci mtiogen atom 

C 0 II„ N-N C„II, O-> C 0 II, N---N C 0 II, O 

GO Gjjllp GO GqIJ n 

This leaction appeals to be a genet il one with acylated quinonc phenyl by dtazones 
Snnilai changes have been shown to occut with o qumonoid dm iv itivos of this type 3 
Since, then, the system I is immediately transfoimcd into II , 

l —G-G N N R 11 - < ~G N N R 

O | Ae O Ai | 

it would bo contiary to all cxpcncncc of tautomou and dcbmotiopic substances to 
assume til'll the patent compounds, /e , the hydtogen dcuvativcs, should be stable 
in Ihe qumonoul fonn IJenrc it is concluded that all t/n fitoott hydfoxy am 
compounds of this r it us, topxthet with then eihn s and t sft > v, au inn turn enotd am 
detivahvis It is only by using mducct methods that the qumonoid fimns of a few 
of these compounds have been isol ited, and of these only acyl dci lvatwca of the 
^-series aie known with certainty 


Taixtomerlsm of tlxo Nlt^ophenols 

U has been shown by Ilanl/sdi that elhen of ihe mtiophenols exist 
in two scucs, coi responding to the following foimuku 


NO a 

°C Ai, 1 

I rue mtro phenolic ethen 
(bciwcnoul mid colourlcbB) 



.NO OC,Il 

Atx 

^0 


i i 


rtef Witrophenolic others 
(rpuncmoLu and coloured) 


1 R WillstStlcr and Vcrnguthj Bet p 1907, 40, 143a 
A nn , 1908, 800, 1 1 


J K Auwcrs, tier , I 907 » 40, 
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Tiie patent nitiophenols, Ihciefotc, which ate only known in one 
foim, are to be classed as tautomeuc 

The tiue nitiophcnohc etheis have been known foi a considerable 
time and are piopaicd by the usual methods of alkylation The 
aa~ ethers aie obtained by alkylating the mtiophenol in the foim of 
its silver salt undci ceitain caiefully chosen conditions, the true 
mttophenohe ethci being also pioduced at the same time 

/NO a l fCH s O C 6 Hj NO a 

C a H/ \Ag 4 CH a I = Agl + J 

X) J to C„H 4 NO OCH a 


The act etheis aie intensely led in coloui and are fotmulated as 
qumonoid compounds, in distinction to the coloui less etheis of 
phenolic struclute Aci ~etheis have much lowci melting-points than 
then isomeudes, and without exception aie veiy unstable Even at 
low temperatuics, and when dissolved in indiffeicnt solvents, they 
isomeiise spontaneously with mote 01 less speed into the tine ethers 
Fuither, they aie veiy easily hydiolysed to nitiophenols, while the 
genuine nitiophcnohc etheis only hydiolyse slowly 

Accoidmg to Ilant/sch, it is possible to dcleimine the condition 
01 constitution of the patent nitiophenols ducctly fiom then coloui 1 
Many mUophonols, such as /-mtiophenol and 2 4-dinitiophcnol, are 
colourless (or only faintly yellow), in the solid slate such substances 
aie consequently entuely (oi almost cnlncly) line nitio-compounds 
Otheis, such as the a-mtiophenols, aie a little moie stiongly colouied, 
although nevei so intensely so as then esteis These aie assumed to 
be solid solutions of a small amount of the coloui ed <?«-nitiophenol 
in a latge piopoition of the tine nilio-compound 



Thus oidmaiy yellow picnc acid is supposed to be a solid solution 
of a little of the coloui ed qumonoid act tiiniliophenol in much of the 
colourless tunitiophcnol 2 

The salts of the nitiophenols with alkalis and alkaline eaiths are 
always much moie highly coloui ed than the paient compounds, this 
indicates that the stiongly acidic rt^-foim, barely tiaceable in the fiee 
substance, has been (almost) completely tegcneiated in the piesence 
ol the positive metallic atom, which always tends to attach itself to the 
most negative pait of the molecule. Hence the equilibiium in the case 
of the fiee compounds is displaced almost completely in the direction 


1 A H-mUsch, Da , 1906, 80 , 1086 


a Cf iIbo Georgicvics, Bet , 1906 , 80, 1 53*5 
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ALCOHOLS, ALDEHYDES AND KETONES 


of the phenolic foi ra, and m the alkali salts equally completely towai ds 
the qumonoid foi m 






ONa 


X 

Aiomatic Alcohols, Aldehydes and Ketones 

When a hydioxyl gioup is intioduccd into the side chain of an 
alkyl benzene, an aiomatic alcohol is founecl such as benzyl alcohol 
C 6 H b CH a OII Compounds of this type may also be tcgaidetl as 
phenyl derivatives of the aliphatic alcohols, which they lcsemble 
m most lespecls Like the fatty alcohols they may be obtained 
by heating the coiiesponclmg chloio-denvalives with walci, by the 
i eduction of aldehydes and ketones, by the action of mtious acid on 
amines, and fiom oigano-magncsium halides by combination with 
aldehydes, ketones 01 csteis I he sccondaiy and tci Itaiy alcohols 

formed by this last method fiequently pass by loss of walci into 
benzene derivatives of olefines (see p 372) 

If we have at oui disposal an alcohol, X Oil, 01 the conesponding 
halogen compound, X Cl, them am thicc genet a! methods available 
for synthesising homologucs of the foimula X C II P OII 01 X CII Cl 
respectively vi/, 1 Interaction of the halogen compound with 
potassium cyanide, hydiolysis of the nitulc X (N to the acid 
X COOH, esteilfication to X COOC 2 ir B and icducLion of the laLter 
to the alcohol X CI-I 2 OII (Bouvcault) 2 Conveisinn of X Cl into 
X Mg Ci, which with luoxymelhylenc yields the alcohol X CII OH 

By , f0 r ,,B Uu! mlllk - X CN ’ ■“•"■"MI 'l to Iheammc 

NHj, and allowing the bcn/oyl douvative of the latlei to 
internet with phosphotus chlonde to give X CJL Cl—a method 
which has been much used mccntly by J v Brum 1 

Another useful means of pmpaiing alcohols of this typo is to shake 
reaction) eSPOnd,ng aldchycl ° wlLh stlon B *«I™otis alkali (Cannizzaro 

2C1 Caiij ciios icon ci c 0 ii 1 uum i (i c B ir, cook 

Benzyl alooliol, phenyl embmol, C c H 6 CILOII, oceius in the fiee 
state and in the foim of csteis in many etheital mis It is geneially 
prepare ^n/yl chlonde liy heating with alcoholic potassium 

acetate, and hydiolysing the benzyl acetate so obtained It is a 
colouiless liquid of faintly aromatic ocloui, boiling at 206°, and veiy 

1 J v Bnturij Dcutsdi and Knibci, Btt t fgn, 44, 3867 
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spanngly soluble in watci With oxidising agents it yields benz- 
aldehyde and finally bcn/oic acid It foims ethcis and esteis, and on 
healing with hydiochlonc 01 hydtobiomtc acid exchanges the hydioxyl 
gioup fot chloune oi bromine 

Plienyl ethyl alcohol, C„I I fl CII 3 CII 3 Oil, lip 219°, lb the chief constituent of 
nntmal mcl synthetic iosc pci fume 

Olnnainyl alcohol, slytotn, 01 y phenyl ally! alcohol-, is found ts the cmmmic estei 
m Slotax, and 111 the juice of the bails of Liqutdanibar o/tenlalts It is a crystalline 
compound, mp 33 0 ind bp 250°, which smells of hyacinths On gentle oxidation 
it yields cinnamic acid, and on vigoious oxidation ben/oic acid 

Balioyl aloohol, o hydro xybtmy l alcohol, , r ahqemn, HO C a H, CIIoOII, is both 
an alcohol and a phenol, and is foinicd by the action of enzymes on saltern , a 
glucosidc occulting m willow bult, C 13 ll, 8 0 7 | II 2 0 = CoHioOo I It 

ciystallises in plates melting at 82° 


Aldehydes 

The aiomatic aldehydes lescmblc those of the fatty senes in 
ieactivity as well as in method of picpaialion Ihey may be 
obtained 

1 By oxidation of the couespondmg pumaiy alcohols 

2 Fiom ceilam dichloio-compounds by heating with watei, eg 


c a n B cnci 2 t n 2 o = c 0 ri fi cn o i aiici 

3 Biom alkyl dcnvnlives ol aiomatic hydiocaibons by oxidation 
with chiomyl chioudc {Etard's icaction) 

4 By reducing acid chlondes with hydiogen in the picsence of 
pallachsed banum sulphate as catalyst 1 This is a useful piacLical 
method Also by distilling the calcium salts of aiomatic caiboxyhc 
acids with calcium foimatc, and by tieating iminochlondcs in etheical 
solution with stannous chloi ide 2 

5 Indncclly by the Fi iedel-Ctafts leaction, using caibon monoxide, 
hydiochlonc acid gas and an aromatic hydiocarbon, in the picsence of 
aluminium chlonde (or aluminium bromide and cupious chlonde) 
Formyl chlonde is foimed as an mleimcdiale pioduct 8 


R. C 0 H 6 4 Cl 



R C 0 II r 



I IICI. 


6 Similaily by using IICN the aldehyde gioup may be mtioduced 
into phenols, phenolic ethcis, 01 then denvatives 1 The method 
consists in Healing the phenolic compound with IICN and IICI, in 
some cases with the addition of condensing agents such as aluminium 
chloride 01 zinc chlonde Ilydiogcn cyanide fiist unites with hydiogen 

1 If W RosLiimund, Bet , 1918, Bl, 585, 1933, 50 , 1481 9 Sonn and Muller, Bet , 
19191 62 , 1927 * Gattci nrum, A1111 , 1906, 817 , 347 H Wolf, Bet , 19281 dl, 1763 
' G'lttcrm'inn, Attn, 1907, 857 , 313 For a simplification of this piocess, using /me cyanide 
in place of hydrogen cyanide, see R Adams and J Levine, f A C S, IQ 23 i 46 , 2373, 40 , 

1518 
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chloride to form the chlonde of lminofonmc acid, which then icacts 
with the phenol, with elimination of hydiochlonc acid, to give an 
akloimme The lattci, on heating with dilute acids, is icadily conveited 
into the aldehyde itself 


c„u, 



OCII 


II 


n Cl CII Nil 
- 


c 0 ii 



ocn a 

CII Nil 


ij b o 

—p. 


C 0 II 


/OCII 8 

‘ x cn o 


7 Aldehydes aie also produced fiom aiomatic oiganomagnesium 
compounds by Heating these with founic 01 oilhofoimic cslcts, 1 e t> 

CII, Callj Mglii 1 II COOC a II 5 « Bi Mg OC a II ft l CII 8 C 0 ll t CIIO 

Ptope)tics —The atomalic aldehydes ate usually pleasant smelling 
liquids, which m then reducing piopeities and behaviom towaids 
plienyl-hydiazine, hydioxylamine, and sodium bisulphite lesemble 
the aliphatic aldehydes They diffci fiom the lattei m ceilain points 
Foi example, they do not polymensc, and on ticatmenl with ammonia 
they do not yield additive compounds of the type of aldehyde ammonia 
(see ben/aldehyde) 

With alkali hydioxides they aie conveited into a mixtiuc of an 
alcohol and the salt of a caiboxylic acid {Count o'), eg 

zCnii,, ciioh koii - c fl n 0 ciijOin c ( ,ii fl co a K 

Undci the influence of potassium cyanide they undcigo a pccuhai 
inaction (sec ben/oin condensation, p 513) lhey also combine icadily 
with vanous aldehydes, ketones, and mono- and dicaiboxyhc acids 
with the elimination of watei, c §• 

C„II r , CIIO 1 II,C CIIO - C 0 II, CII CII CKO 1 ILO 

Hon/filclohydo AretaMciiydo Lminnuc uUlcHydc 

With dnnethylamlme and with phenols the aiomatic aldehydes condense 
to foim luphenyl methane deuvativcs (see p 494) 

Benzalclehyde, oil of bittei almond^ C 0 II 6 ( IIO, is foimcd fiom the 
glucoslde amygdahn occutimg in billet almonds When the glucosidc 
is tiCeiled with the cn/ymc emulsin, oi boiled with dilute auds, it 
decomposes into ben/aklchydt, glucose and hydiogm cyanide 

C M II 97 NO n l zlip - C fl II f> CIIO | aC fl II„O e l KCN 

Ben/aldehydc is employed m industiy in the manufaeLuie of dyes 
and peifumes, foi which pm pose it is gcneially piopaied Trom ben/al 
chlondc (obtained fiom toluene) by heating with milk of lime I he 
pioducl so picpaied always contains admixed rhloi o-dei lvativcs, and 
may thus be distinguished fiom natmal oil of bitlci almonds It is 
a colouiless liquid of chaiactenslic smell, bp 179 0 and sp gi logo 
at 15 0 It is soluble in about 30 pails of watei and mixes m all 
piopoitions with alcohol and elhei Bcn?aldchyde icadily takes lip 

1 Gittei mum ami Mnffez/oti, Bt> , 1903, 80, 415a Ann , 1906, 817, 348 
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oxygen, even on standing m air, to foim benzoic acid It unites with 
ammonia to give hydt oben^amide, 

3 C 6 II 0 CHOh 2lI 8 N - (C 0 II B CH) 8 N 2 + 3 ii 2 o 

and with aniline to give ben^yhdene-amline Compounds of the lattei 
type aie known as Sohiif’s bases 01 anils 

c 0 n B ciio i-ii 2 n c 0 n B - c fl n 6 ch n c 0 ii b +ii 2 o 

Undei the influence of alcoholic potassium cyanide it condenses to 
ben oin , a kelomc alcohol (see p Si3) When 1 educed with 

Qalln CII O | IT CO C 0 II B - C tf II B CIIOII CO C n II B (Benzoin) 

sodium amalgam the lattei yields the dihydnc alcohol hydro- 
benzoin, C 0 1 I B CII OH CHOU C 0 II B The oxime of "benzaldehydo, 
C # H 6 CII NOII, exists in two steieoisomenc foims (see also p 57) 


Stereoisomerism of the Aldoumes 


Accoiding to the lelative positions of the hydioxyl gioup and the 
hydiogen atom, the aid oximes ate distinguished as svn- and anli- 
aldoximes 


11—C—II 

II 

IIO—N 

Anti ilUoxune 


II—C—II 
N—Oil 

Syn nldoximc 


11—c 

IS' 

Nitnlc 


It has alieady been mentioned in the gencial section of this book 
that aldoximes may lose watci and pass into mtiilcs Use is made 
of this leaction fot dcteimining then configuiation, since the ease 
with which it is effected dtffeis gicatly with the steieoisomcnc forms 
Hantzsch assumed that it would pioceed moic icadily when the II and 
OH gioups aic m adjacent positions, as in the syn-aldoximes, and 
with difficulty 01 not at all with the anti-aldoximes This dis¬ 
tinction between the isomcridcs becomes even moic maiked in the 
case of the acetates, R. CI-I N O CO CH S The acetyl deiivatives 
of syn-aldoximes aie decomposed quantitatively into acetic acid and 
a mttile when warmed with sodium caibonate solution, wheieas the 
anti deiivatives temain unattacked 

Aliphatic aldoximes aie in geneial only stable in the syn-foim, and 
then anti-foims can laiely be isolated Aiomatic aldehydes yield anti- 
aldoximes when ticated with hydtoxylamine, and these may frequently 
be transfoimed into the syn-compounds by means of hydiogen chlonde 
Thus benzaldehyde gives bcnzantuildo xime, inp 35°, which with 
liydiochloi ic acid, sulphuiic acid 01 biomine is convened into benz- 
sywldoxime, m p 125 0 When the lattei is heated the leveise change 
occurs As alieady indicated on pp 59 and 60 it may be found 
necessaty to leverse the accepted confirmations and to assume that 
the anti-form yields the nitule moie leadily than the syn-compound 
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p Isoptopyl bt.nzaldt.hyde, cumtnol, (CII^oCII CqII, GIIO, is the odoious con 
stituent of oil of cumin It is a colourless liquid of boiling point 235 , which yields 
c) mene when dtshllcd with fine dust 

Among nttro and amino dellvativeB of beiizaltlohydo tlu, o compounds are 
of importance, and aie used in the preparation of vanous lit tciocychi substances 

0 Nitr obenzaldehydo, NQ 2 C 0 II, CIIO, u» foimcd m rbout 20 pei cent yield 
by the nitiation of bewaldehyde It is best obtained by the oxiduton of 
0 nitrocinnanuc acid, 01 by oxidising o mlrobon/yhmhnc and hydiolysing the 
0 mtrobenzyhdene aniline so obtained It foinis colouiless needles, m p 46“ In 
sunlight it readily isotncuses into o tutfosolfCftfjQft ON CqTI^ C-OOII Its 

most important reaction is its conveision into indigo In the picscnce of caustic 
soda it combines with acetone to give N 0 2 Coll, GIIOJI CII 2 CO CIL,, which 
immediately parts with acetic acid to foim indu'd blue in NltiobBnaalclohydo, 
mp 58”) is the chief pioduct of the duett nitiation of bciv ildchydc p Kitio 
benzaldehyde is obtained by boiling p ntUobcnryl Lhlondc with le id mtiate 
solution, and forms colourless pi isms, m p 107° 

On reduction the above mtiobei^.ildchydca aie conveittd into the couespondmg 
amino compounds, NH, C 0 II, CIIO, of which the m md p clcuvitivcs 11c used 
in the preparation of dye stuffs 0 Ainiiioboiiisaldohydo, m p 39°, ts distinguished 
by the ease with which it umtesiwith substances containing the gioup —CII a CO—, 
when water is eliminated and a derivative of qumohne foimcd, c ? 

/Nil, cn 3 on o /NIL iro /N — til 

C e flj<f-/ 0„II/ ->- C„1T,<^ | Quluollno 

\ C H O ^CII CII CII 0 \CI 1 =CII 

Hydroxy or Phenolic Aldohytles 

The hydioxy-aldehydes, a nimibet of which ocau in natute, can be 
prepared by two methods 

1 When a phenol in alkaline solution is Lcalcd with chlotofoim, 
an aldehyde group is mlioduced into the 0- 01 /-position to the 
phenolic hydroxyl 1 {Rennet -'1 leuionn ic action) 

C 6 H e OH bClICljd 4ICOII - KO CJI, CIIO I 3KCI 1 3 ll 3 0 

2 In the piesencc of hydiogen chlotide phc*nols icact with hydto- 
cyamc acid to form a/do Mimes, which on boiling with dilute acids are 
readily conveitcd into the couespondmg hydioxy-aldcliydcb a 

/Oil ,011 

C 6 H 6 Oil ->■ C fl II 4 < -> C 0 II,< 

^CII Nil N:ii 0 

Phenolic aldehydes possess the piopuliLS of bolli phenols and 
aldehydes 

Salioylaidelrydo, o kydio\y benzaldthydt , IIO GqII, CIIO, is found m the 
volatile oil of Sptuea nhnana , and is picpaicd by oxidation of the coiresponding 
alcohol saligcnin, or togethei with / hydioxy bon/aklohydc by the action of 
chloroform on an alkrhnc solution of phenol It is a liquid, bp 196°, with a smell 
lesembling that of bemaldehyde On oxidation it yields salicylic acid, and hire all 
o hydroxyaldeliydes colours the skin deep yellow 

1 Reimer, Bet , 1876, 0, 12G8 See also Aiiwcib and Keil, Bet , 1903, 80 , 1861 
*Galtermann, Bet , 1898, 81 , 1140 . 176$ Ann, itjoG, 31 * 7 , 347 
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An is aldehyde, p met ho t y betigtildehyde) CH 3 0 C<jH| CHO, is foimed by the 
oxidation of anethole, CII g O Oil CH CH 3 (occutnng in oil of aniseed 

fennel oil and oil of tanagon) It is i colouiless liquid, bp 248°, which has an 
aiomatic smell 


Vanillin, m-metho\y~\>-hyd}oiy ben aldehyde (I), is the active 
constituent of the vanilla pod, m which it is present to the extent of 
about 2 per cent It is the methyl ethei of protocatechuic aldehyde, 
C 0 H 8 (OII) 2 CIIO On the xndustnal scale vanillin is prepated ftom 
the acetyl denvalive of isoengeftol (II) by oxidising it with chromic 
acid to give acetyl vanillin, and subsequently removing the acetyl 
group from the lutlci Isocugcnol is obtained fiom eugenol (III ), the 
chief constituent of clove oil, by boiling with alcoholic potash 


I CII O 
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CH CH CII 




III CH„ CH CH 
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Vanillin may also be piepaied synthetically by the above general 
methods It ciystalhscs in cokuulcss needles, mp 8o° 

Piper oiial, methylene ethet of p) otocatechnu aldehyde, hehottopm , 

[i] CIIO 


C«H 


[ 3 ] 0 S 

t4]0/ 


CII>, is foimed when protocatechuic aldehyde is treated 


with alkali and methylene iodide, and is piepaied fiom isosafrol by 
cautious oxidation with potassium bichtornate and sulphunc acid It 
possesses a veiy pleasant smell lescmblmg that of heliotrope, and is 
placed on the maikct as a pci fume undci the name of heliotropin 

Oinnamia aldehyde, C 0 II B CII CII CHO, is an example of an 
unsatuiaied aldehyde It is found m oil of cinnamon and oil of cassia, 
to which it impaits the odoui of cinnamon Fiom these sources it may 
be isolated by means of the sodium bisulphite compound Synthetically 
it is obtained by the condensation of bcn/aldehyde with acetaldehyde 
(see Cinnamic Acid) It is an oil which boils at 246° 


Ketones 

If two aiomatic ladicals aie linked togetliei by a CO— gioup the 
resulting compound is a puicly aiomatic ketone, such as benzophenone, 
C 0 II 6 CO C tt II s Ketones containing one aliphatic and one aromatic 
gioup attached to the caibonyl gioup aie tcimed mixed or fatty- 
aiomatic ketones 

Ketones of this type may be legaided as oxidation products of 
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KETONES 


secondary aromatic alcohols They are formed by the geneial methods 
available foi ketones (p 167), and also by the Fnedol-Ciafts icaclion 
fiom acid chlondcs and benzene in the pie^ence of aluminium chlondc 

c 0 n„ s cir B co ci = c fl n 6 co cn, i nci 

Ben/ene Acclyl chloutle Acetophenone 


Aiomatic hydioxy ketones may be picpaied by the method of JJonben 
and Hoesih 1 fiom polyhydne phenols The lattci, especially those 
containing hydioxyl gioups in the ///-position to one anolhci, icadily 
lead with aliphatic 01 aiomilic niliilcs in the picaencc of hydtogen 
chlondc to foim kcluninochlondcs, which on boiling with watei yield 
the coi tcsponchng ketones, 
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Tlus icaclion nitty be icgaidcd «ts an extension of Gath 1 nnwu'i aklehvdc 
synthesis (p 432) 

Aiomatic ketones undcigo the same typical inactions as those of 
the fatty 4eiies, hut, in agi<count with the “stone hindiam-e” ohscived 
by V Meyer in countclion with the chIu ideation of acids, it is found 
that no oximes 01 hydia/ones ate fonned by u-tlisubstitutcd aiomaiic 
ketones 2 of the foimula (CIIj) 2 ( 0 U u — CO —R (in which R is an 
alkyl latlrtal) 

Aootophenono, phenyl methyl Iciom, C <} IIr, CO 1 Cl I,, is piopai ed by 
distilling ( m otiuimolcaihu mtxlme of caluum acetate and cakium 
ben/oalt,oi iiy the inteniction of acetyl thlmide ami ben/cne in the 
(MOsenct 01 aluminium tiiloiidc It tlyslalhst's 111 laigc plaits, in p 20°, 
bp, yoz", and is used as a hypnotic uudt 1 the name of hvpnone 

Bonzophonono, diphenyl ketone, CIf( 0 bp 307°, may hi 

obtained by the usual mt Ihods and is best pit paied by the Julcdcl C rafts 
i(Mellon H exists 111 two modifications, a stable foim, inp n<p 
anti a labile fmm, mp 27", I he lattei leaddy tlninges lnlt» the 
fount t Rcn/ophenonc on 1 eduction yields the stcondaiy alcohol 
bonzhytlrol, C 0 II 6 CHOIf C 0 ll 61 mp 68“, and finally dtphenyltneihme, 
< ft lI B < lf„ C 0 ll fi (stc p d 9 °) When fused with potash it decomposes 
into benzene and bcn/oic acid, 

c fl u f , co c a rr 4 \ icon c rt n 6 cook t c ( 1 h 0 

» K Hot‘nil, Ho , 1927,00, 389, 353 / , J I It ml k 11, tin , nja«, 01, 1597 
1895, 28 , 3307 V Mtyti, lit) , 189(1, 0E) > 830, 356 ,\ 


s H mm, B*r 
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In its othei chemical piopeities, eg in its behavioui lowaids hydioxyl- 
amine, phenyl hydiazine and phosphoius pentachloudc, it completely 
lesembles the aliphatic ketonob When tieated in alcoholic solution 
with diy hydiogen chlonde and caibon disulphide, benzophenone yields 
thlobenaiopUextone , 1 (C 0 II 5 ) 2 CS, a deep violet ciyslallme compound, 
m p Si 0 to 52 0 

^-Diamino-benzophenone, CO(C 0 II,, NH 2 ) a , mp 237°, is foimed 
when fuchsin is boiled with hydiochlonc acid 

p Tetramethyl-diamino-bensaophenone, Mtchlei's ketone , is piepated 
by the action of caibonyl chlonde on dimefhylamline 

2C (1 II f , N(CII,) 2 l COCl a = COLC 0 II 1 N(CII 3 ) 2 ]3 + 2IICI 

By fuither condensation with dimethylamhne it yields Crystal Violet, 
and with phcnyl-cc-naphthylatninc it gives Victoria Blue {y. wool dye) 
On 1 eduction it passes into the coitcsponding alcohol p tetvametliyl- 
dlamino benzhychol, CIIOII[C 0 II 1 N(CII 8 ), i 'l 2 , which is also employed 
in the picpaiation of dye-stuffs 

Ketenes — I he kclcncs (see p 179) aic compounds of the gcnctal 
foi mula R 2 C CO Diphenyl-Icotene, (C 0 IT 0 ) a C CO, the fiist mcmbei 
of the gioup to be picpaicd, was obtained by Staudmgei 2 from 
diphenyl-chloiacetyl chlonde, (Cfllg^CCl C 0 C 1 , by the lcmoval of 
chloiine with /me Diphenyl - kctenc is a highly colouicd and 
stiongly unsatuiatcd substance It is vety inactive and tindeigoes 
oxidation in an 


XI 

Aiomatic Caiboxylic Acids 

Aiomatic acids aic found ficc and in the combined state in many 
lesins and balsams They may be picpaicd by methods sinulai to 
those used foi aliphatic acids, and by a numbei of special icactions, of 
which the following aie the most impoitant 

1 By oxidation of aiomatic hydiocaibons and othei ben/cnc 
derivatives containing side chains, when the latlci aie conveiled into 
caiboxyl gioups 

c 0 u r , cir 3 130 - c rt ii n coo^^ n 3 o 

1 uluctic Bcn/oif ncid 

A compound with one side chain attached to the nucleus oxidises to 
a monocaiboxylic acid, while the piescnce of two 01 tluec side chains 
leads to the foimation of di- 01 tucaiboxylic acids lespeclively 

2 Fiom salts of sulphonic acids by fusion with sodium foi mate 

1 II SlmuhngGi aid Inoutlenbeigei, tin , 19281 31 , 1577, 1837 a Stnliclingei', lit) ,1905, 
SB, 1735 , so, 968 Am, 1907, 850 , 51 Bt> , 1908, 41 , 1355, 1493, 1{UI, 44, $33, 
I 9 ! 3 , 48 , 1437 G Scliroetci, Ber, 1909, 43 , 3346 
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3 In a similar mannei to aliphatic acids by the hydiolysis of 
nitriles The lattei are most conveniently prepaied fiom diazonmm 
salts (see p 395), or by the interaction of benzene-sulphonales with 

potassium cyanide 

4 Acid chlondes can be piepaied by the action of phosgene 01 
oxalyl chloride 1 on benzene and its derivatives in the piesence of 
aluminium chloride (Fncdel-Ciafts) 

C 6 II 0 H C 1 COC 1 = C fl H 6 COC 1 h HCl 

Benzoyl chloride 

5 Diy caibon dioxide reacts with a mixtuie of sodium, meicuiy 
(01 /me) diethyl, and benzene to foim ben/oic acid® Ilomologues of 
benzene behave similaily, eg o-xylene yields <?-tolyl-acelic acid 

Aiomatic caiboxyhc acids aie usually solid ciystallme compounds 
which are spanngly soluble in watei Like the fatly acids they foim 
chlondes, amides, cstcis and othei denvatives Fuithci, by substitu¬ 
tion in the benzene ling theie may be obtained nitio-, amino-, chloro- 
and othei denvatives which ate dealt with m more detail latci 

I—MONOBASIC AOIDS 
1 Benzole Acid and its Homologuea 

Benzoic Aoid, C 0 II B COOH, is found in gum bcn/oin, 111 Pei 11 and 
Tolu balsams, and is picsenl in the form of hippuiic acid in the unne 
of hoises Otiginally it was prepaied by heating gum bcn/oin, when 
the acid sublimes, 01 fiom hippuric acid, which on boiling with mincial 
acids is hydiolysed to glycine and benzoic acid It is still obtained 
ftom gum benzoin fot phai maceutical pm poses (“acidum ben/oicum 
ex resina"), but otherwise is piepaied almost exclusively fiom Lolucne 
The lattei is fiist conveited into benzo-lnchlonde by ticatmcnt with 
chlonne at the boiling-point, and this is hydtolysed with milk of lime 
to give calcium ben/oale, fiom which benzoic acid is ptcapitated by 
the addition of hydiochlonc acid and pmified by lcciystalhsation fiom 
watei 

C 0 II S CII 8 — C 0 II 8 CC 1 B (C 0 II 6 COO) 2 Ca —V C 0 II 6 COOPI 

A compaiatively small amount of benzoic acid is also piepaied by 
hydrolysis of the ben/onitnle piesent in the middle oil ftom coal tai, 

C 0 H 6 CN C 0 II 6 CO Oil 

Benzoic acid ciystalhses m colouilcss, glistening plates and has a 
faint aiomatic smell It melts at 121 0 , boils at 250°, vciy leadily 
sublimes and is volatile m steam Although only spanngly soluble 
in cold watei, it dissolves leadily in the hot liquid, and also in alcohol 
and ethei 

1 0 Liebenmnn, Bet t 44 , 202 ♦ u86 a P Schongm, Bet 1 1 1008, 41 , 3733 t 1910, 
48 , 1938 
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Salts of the alkali metals aie soluble m watei, but most of the 
otheis aie insoluble When heated with lime, benzoic acid is decom¬ 
posed into ben/cnc and caibon dioxide It is employed in medicine 
and in the manufactuic of aniline blue 

Benzoyl ohloride, C fl II 6 COC 1 , is picpaied by waiming the acid 
with phosphoius penlachloudc 01 by the action of chlounc on 
bcn/aldchyde It is a coloutless liquid, bp 199 0 , with an unpleasant, 
pungent smell In bchavioui it lesemblcs acetyl chlondc, though 
diffenng in its gicatei stability as shown by the slowness with which 
it is attacked by watei Bcn/oyl chlondc is fiequcntly used as a 
means of intioducing the ben/oyl gioup, C fl II c CO—■, 111L0 liydioxy-, 
ammo- and lmmo-compounds This is usually effected by shaking 
the substance with ben/oj-1 chlonde and excess of dilute sodium 
hydt oxide until the smell of the foimei has disappeated ( Schotien- 
Baunumn reaction), eg 

c„iT fl on 1 c t) n 0 co ci - c tf n ri co o c () n fi i iici 

Phenol Phenyl bcn/inlc 


In many cases it is bettei to use sodium caibonate or pyndinc in place 
of sodium liydi oxide 

Benzoyl peroxide, C 0 II B CO O O CO C 0 II E , maybe obtained in 
vaiious ways, such as by ticaling bcn/oyl chlonde in watei at 4 0 with 
the equivalent amount of sodium poioxide It is odomless and 
ciystalhscs in stable white pusms, in p 1035°, which dissolve veiy 
spaungly in watei, but moie leadily in alcohol It is a stiong 
disinfect.int and has tccenlly been utilised in this capacity 

Ethyl benzoate, C n lI B COOC a II ri , picpaied by the usual methods, 
is a pleasant-smelling liquid of boiling-point 213 0 

I?oi the peculiai bchavioui of ^-substituted ben/oic acids on 
estcnfication, see p ^64 

Bonztuttldo, C 0 II fl CO NII^, is obtained by the aclton of ammonia 01 ammonium 
carbonate on ben/oyl ebloiido It cryslalhses 111 wlule plates, nip 130°, bp 288°, 
When silvci ben? imulc is tieatcd wilh ethyl iodide it forms the bcn/imino etliei (IV) 
instead of tbe expected ethyl bcn/.inudc (III) Hence benz imulc is taulomeuc and 
may react according to cithei of the foiinula. I 01 II 
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On Ihc othci hand, ethyl benmnmo clhei (IV) isomerises into ethyl ben^amulc (III) 
on being heated to iqo* with ethyl iodide 


Hlppurio acid*bcn/oyl-ammonccUc acid, C fl II B CO Nil CII S COOII 
has been mentioned on p 216 It occms in the mine of heibivotous 
animals, and may be picpaied fiom bcn/amide and chlotacetic acid 01 
by the ben/oylation of glycocoll It ciystalhses in lhombic pnsms, 

2 L 2 
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mp 187°, and on boiling with alkalis 01 acids is hycholysecl into 
benzoic acid and glycocoll 

Benzonitiile, cyanobeiuene , C 0 H 6 CN, is best picpaicd by heating 
potassium benzene sulphonate with potassium cyanide It is an oil, 
bp 191 0 , with a smell like bitter almonds In its piopeities it 
lesembles the fatty nitnles 1 With sulphmic acid and othci condensing 
agents it polymerises to cyaphemn, C,,N a (C 0 H 0 ) s 


Substituted Benzoic Ands 

Chlounc teacts with benzoic acid mainly to form m chlotobutzoic at.id, m p 153° 
The 0 and p compounds (m p 137° and 240°) ate obtained fiom the ammo acids by 
way of the dnzonnun salts Chlonne mci eases the stiengtli of ben/oic acid, the 
effect being greatest m the o and least 111 the p position 

On inflation benzoic acid yields m nth oben/otc acid , 141 0 , tlic oilier isomcudes 
also being foimed in smallei amounts the 0 compound, which is best piepaied 
fiom 0 mtiotoluene by oxidation, has a sweet taste and melts it 147 0 1 lie p acid 

from p mtiotoluene melts at 238° 

Among the ammobeitsoic acids , 2 which possess basic as well as acidic 
chaiactci (see Giycocoll), the most impoitant is the 01 tho-compound, 
antliranillo acid, mp 145°, fiist obtained by fusing indigo with alkali 
It is an impoitant inteimediate pioduct in the technical piepaiation 
of mdtgo (dcscitbcd latci), foi which put pose it is pioduced in huge 
quantities by the Hofmann leaction (p 160) fiom phlhalnnidc and 
chlonde of hme oi sodium hypochloule 

/ co \ 

C 6 h/ >NH + NaOCl h 3NaOII 

Phthahmido 

yNH a 

» h Na a CO a 1 NaCl HI a O 

^COONa 


Othci methods have lccently been developed foi piepaung this 
compound One of these is based on a peculiai change undcigonc 
by ^-niUololucnc, which when heated with aqueous 01 alcoholic sodium 
hydioxiclc is dncctly converted into anthiamhc acid 8 


y NO fl 

c g h/ 

N CH b 

tf-Nitrotolueno 


/ 


Nil 


QH/ 

^COOH 

Anlhi'inilic acid 


1 Miny 0 substituied ben/omtnlcs nc difficult to hjdiolysc by oidunry icngcnlSj but give 
excellent yieldj of acids when he*\ted with r mhydrous phosphoric acid, S C J Ohviei, Rec ftav 
chun r 1929,43, 568 a Ihc Kolbe synthesis of hydroxy ben/oic acids fiom phenoxides and 
c u bon dioxide m xy be applied to the halogen magnesium compounds of irytnnunes By heating 
these with carbon dioxide, secondary and teitury aromatic amines can bo conveited mto ammo 
acids J Ilouben and Freund, Ber x 1913, 43 , 3833 Preuss and Bmz, Z ang Ch > 1900, 

3 B$ 
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The intiamoleculai leaiiangemcnt occuis paiticulaily easily m the 
case of the mtiotolucne sulphonic acid of the fotmula 

II0 3 S-< ( ^ -GII, 

NO 


This yields the coucsponding sulphonated anthiamhc acid, fiom which 
the sulphonic gioup is icadily icmoved by clectiolytic 1 eduction in 
neutial oi slightly acid solution, with pioduction of anthiamhc acid 1 
Anthiamhc acid and its alkyl- 01 aiyl-substitution pioducts can also 
be prcpaicd fiom <?-chloiobcn/oie acid, by tieatment with ammonia oi 
amines m the picsence of coppet powdei 

1 he acid is soluble in walci and alcohol, possesses a sweet taste, 
and on heating icadily decomposes into aniline and cat bon dioxide 2 
Methyl antht mul ate> NII a C'qIIj COOCII s , mp 25 0 , is contained in the 
oils of oiangc blossom and tubeiosa blossom 

Ccitain denvativcs of the aminobcn/oic acids aie of physiological 
lntciesl 3 It has alleady been mentioned that all aiomalic cstcis aie 
capable of inducing local anaesthesia, and among the numetous ammo- 
alkyl estei s of ai omatic amino- and poly amino-acids which have been 
piepaicd, one of these, vi/, the dtcthylamino-cthylestei of p -ammobcn^oic 
acid> meets the lcqunoments so well that it is used in the foim of its 
hydtochlonde, Nil, C 0 II t COO CII 2 CII, N^H^HCl, as a local 
anaesthetic in medicine and dcntistiy undci the name of uovotame It 
ciystalhscs fiom absolute alcohol in needles, m p 156° 

I he thiee sulphoben/oie acids, SO s II C 0 tli COOII, aie obtained 
fiom the tlueo toluene sulphonic acids by oxidation with potassium pci- 
manganalc m S ulpltobcn, otc at id, accompanied by a little /-compound 
is the chief pioduct of the sulphonation of bcn/oic acid I he made of 
o-sulphobenMic aetd (IV) is 500 times swcetei than sugai, and is sold 
as a sugai substitute undci the name of saooharin It is manufactmcd 
fiom toluene (I ), which by sulphonation gives a-toluenc-sulphonic acid, 
the amide of which (II ) yields sacchann on oxidation The o-bciwoic- 
sulphonamide (III ) foimcd in the last stage immediately loses watei 
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1 See / C 5 p igo^, A, i, 
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a r or anthiantly | ^O, nn inner *inhydndc of 'inthi milic tieicl, u c F Bamberger, 
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Bet , igof, 87, 966 8 A Einhorn, Amu x 1910, 871, 135 
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Sacchaun itself is only sparingly soluble in watei, but owing to 
the piesence of the imido-group it possesses acidic piopeities, and 

/C°S 

forms salts The sodium salt, C 0 H 4 <(" >NNa, dissolves leadily 

x so/ 

in watei and is about 400 tunes sweetei than sugat 

Ilomologties of Benzoic Acid and then Denvattves 

Homologues of benzoic acid may be of two types, namely alkylated 
benzoic acids, R C 0 II 4 COOIT, and phenyl-substituted aliphatic acids, 
C 0 II 6 R COOII The fotmer resemble benzoic acid moie closely than 
the lattei 

Oumio aoicl, p isofi?ofiyl benzoic acid y CrjII 7 C 0 Hj COOII, m p 116 0 , is foimed by 
the oxidation of cymene (p 372) 01 of rummol, and is theicfoic piepaied by oxidising 
oil of cumin with potassium penmngnmte 

Phenyl act ho acid , C Q II fi Cl I COOH, m p 76 , is conveniently obtained fiom 
beivyl chlonde by the Grignatd 1 caelum, md is also foimed dunng the putrefaction 
of proteins 

Mg GOg 

c 0 n 5 cn s ci--> c 0 n 0 cn a MgCi ->■ c 0 n e cn fl coon 

Mandello acid, phmyl-glyco!hc acid} C 0 H e CIIOII, COOH, contains 
an asymmcliic carbon atom, and hence occuis in two optically active 
forms and an inactive lacemic foim The lattu, rap 118°, may be 
obtained by the addition of IICN to benzaldehyde, and hydrolysing 
the cyanhydnn so produced by means of hydiochlotic acid It can 
be tesolved into the active acids (rap 133 0 ) by leciystalhsation of the 
cinchonine salts 1 -Mandehc acid , the natuially occuuing foim, is 
picparcd by waiming amygdahn with fuming hydiochlonc acid On 
oxidation mandehc acid yields bcnzoyl-foi mu, acid , 01 phenyl-glyoxahc 
and, C„II 6 CO COOII, rap 66° 

Phenyl pi opt omc acids , C 0 n fl (C 2 II,)COO H a Phenyl piopiomc acid, 01 hyd) a 
ttoptc acid, C n ll[i CII(CII 3 ) COOH, is a liquid, bp 265*, obtained by the 
1 eduction of atiopic acid {see index) p Phenyl propionic acid or hydtocinnaimc 
acid, Cjllj CII^ CII a COOII, rap 47°, bp 280°, is foimed by tbe 1 eduction of 
cinnamic acid, C<]H a CII CII COOII, and is ptoduccd during the puticfaction of 
proteins 

Phenyl-alanine, 8 - phenyl -a- ammo - pi optomc acid , C 0 H 6 C11 2 
CH(NII b ) COOII, mp 283° to 284°, occuis with aspaiagine in the 
embiyo of vetch, the /-foim is pioduced by the putiefaction 01 
hydrolysis of piotems such as silk fibioin, oxyhoemoglobin and casein 
It may be piepaied in the lacemic foim by leduemg a-amino-cmnamtc 
acid with sodium amalgam, or by the action of ammonia on phenyl- 

1 Phenyl immo icetic icid, amino phenyl ncctio acid, and phenyl glycine ire treated in con 
nection with the indole group For the configuration of mandehc acid see K Freudcnbevg, 
Bei , 1923, 66, 193 
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biomo piopiontc acid By making use of its benzoyl derivative, the 
r-acid may be resolved into its active components 


2 Monobasic Unsatui at<3cl Adds 

Olnnamlo noicl, (3-fihenyl- act yhe and, C c H B CII CH CO OH, is 
found fice 01 as an cstei m Pciu and Tolu balsams and in stoiax 
It can be piepared by a vanely of methods 

1 By Pet fun's icaction, in which bcnzaldehyde is condensed with 
sodium acetate m the picsencc of acetic anhydnde Combination 
piocccds in two stages, as follows 

„ 4 II,C COONi -n,o 

C 0 II f[ Clio --> C B II B CII(OII) CI-I a COONa -V 

Ben/aldehyde 

C 0 II B CII CII COONft 

Sodium cinmnnlc 

Pet Kin's t edition may be applied to the synthesis of numerous 
unsatui ated aetds and then substituted dcuvativcs In the above 
example, bcn/aldeliyde may be icplaccd by its homologues, its 
halogen- oi nitio-subsLitution pioducls, etc, and the place of sodium 
acetate may be taken by salts of homologous acids, aryl-substituted 
acetic acids, halogen-substihitcd fatty acids oi dibasic fatty acids 

2 By the Cfaiscn condensation, using ben/aldchydc and acetic cstei 
in the piesence of sodium ethoxide oi metallic sodium, 


Call* CIIO I II„C CO s C a II fl - C fl II r> CII CII CO/I 2 IT 6 


1 lus te action is also of genual application 

3 Icchnically it is ptepaied fiom ben/al chlonde by heating with 
sodium acetate 

Cinnamic acid, in p 133 0 , bp 300°, eiystallises fiom hot watei in 
needles It possesses the piopcities chaiacteristic of ethylene dcnva- 
tivos, adding on btominc and hydiogen, and dccolousmg alkaline 
pcimanganatc solution 

7 he cinnamic acid t Jnesent an unusual case of isomensm As 
explained on p 49, ethylene derivatives can exist in two isomeis of 
diffetent space auangcmenL, the thcoietical possibilities in the case of 
cinnamic acid being foimulaled as 


I n—C— C 0 TI B 
II—C— COOII 


and 


II C 0 1I 0 —C—II 

II—C—COOII 


In actual fact, howevu, thcie aic in addition to oidmaiy cinnamic acid, 
which is assigned the ft am configmalion II, no less than thiee cis- 
foims of the eonfiguiation I, namely 

1 Liebcimann's w<j-cinnainic acid, mp about 5^° 

2 Eilenmcyci’s /^-cinnamic acid, m p 38° to 46° 

3 Liebeimann’s <7//<?-cinnamic acid, 1 m p 68° 

1 Liebermnnn* f 1892, 25 , 950 Stocnncr md Iloymniin, Bit , 1912, 45 , 3099 
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The last of these acids has been known for a considerable time, 
but the existence of the two /.ra-acids has been the subject of much 
discussion 1 Liebcrmann’s iso- and alio -cinnamic acids wei e first isolated 
as by-products dui mg the piepaiation of cocaine A mixtuie of these 
two acids with a small piopoitionof oidinaiy cinnamic acid was obtained 
latci by Michael by the ieduction of /3-biomocmnamic acid (m p 159 0 ) 
Eventually the leseaiches of Bnlmann 2 pioved the separate existence 
of all three us acids, and also that, fiom the chemical point of view, 
they aie not isomcnc but identical We are dealing heie with a case 
of tnmoiphism, and in a few seconds any one of the thiec acids 
can be changed into any othei, merely by melting it and seeding out 
the cooled melt with a ciystal of the dcsned foim 

0-Nifcrooiimamio acid, mp 240°, is of intei est in connection with 
the synthesis of indigo It is fotmed togethei with the ^-compound 
by tieating cinnamic acid with conccntiated mine acid 

When the dibionnde of o-nitiocinnamic acid is boiled with alcoholic 
potash it yields s-nitrophenyl-propiolio aoid, N0 2 C fl IIj C C COOH, 
which with 1 educing agents such as glucose and potassium hydi oxide, 
hydiogen sulphide, 01 fenous sulphate, is conveited into indigo 
blue 

Atropio aoid, a-phenyl acrylic acid , CH 2 C(C 0 II fl ) COOII, m p 106°, 
is obtained fiom ttopic acid, CH 2 OII CH(C 0 II r) ) COOII (a dismption 
pioduct of the alkaloids atiopine and hyoscyaminc), by heating with 
hydiochlonc acid 01 baiyta water 


II—POLYBASIC ACIDS 

Polybasic aiomatic acids may contain the caiboxyl gioups cntnely 
in the nucleus, cntnely in side chains (aiyl-substituted fatty acids), 01 
paitly in the nucleus and paitly in side chains Chief among them, 
fiom the thcoietical as well as the practical standpoint, aie the dibasic 
phthahe acids llefeiencc is fiequcntly made to these acids in 
clcteiminmg the position of side chains in a bcn/enc denvative, and 
the 0-acid, oidinaiy phthahe acid, is also employed in the piepaiation 
of vanous dye-stuffs 

phthalio aoid, bcnum-o-dicai boxy he acid, CqI-I^COOII)^ is the 
final oxidation pioduct of a number of ben/ene derivatives containing 
two oigamc side chains 111 the oitho-posilion It is used m laigc 
quantities in the manufactuic of indigo and othei dyes, foi which 
purpose it is picpaied by heating naphthalene with fuming sulphunc 
acid, with the addition of meicuiic sulphate as catalyst Dunng the 

1 E Erlcnnteyer, jun, Bet , igoSi 88, 2562, 3496, 3499, 3891 , 1906, 89 , 285, 1570, 1909, 
43j 2663 Cf tIsg M^rckwTld -ind Melh t A/ i i9o6 t 80, 1171 q E Bnlimnn, , 1909* 
43, 1S2 C I icberrmnn, Bet , 1909, 40 , 1027, 4659 De Jong, C, 1919, III, 821 Bet , 1922, 
65 , 463 C , 1922, I, 1023 1 1923, 66, 818 



PIITIIALIC ANHYDRIDE 


443 


oxidation sulphui tiioxiclc becomes i educed to sulphut dioxide, 
S 0 3 = S 0 2 + 0 , which is lccovcicd and conveited into the tuoxide 


HC 


HC r CII 

SS/\ 


I 1 C 


CH 


CII 

IIC.^C—-COOII 


->• 


lie c CII 

N iphtli'ilcnc 


CII 


IIC 




c—coon 


CH 

Phtlnlic acid 


CO 


I 

\ 


o 


V 


co / 


Phlhilic anhydride 


By the moie leccnt piocess of Wohl and Gibbs phthalic acid 01 
its anhydnde may be piepaied technically in almost quantitative yield 
by passing naphthalene vapoui and an over vanadium pentoxide 
heated to 450°-520° 

Phthalic acid ciystallises in glistening plates, which aie modeiately 
soluble in hot watei When heated it loses watci and passes into the 
anhydi ide 

Phthalic anhydride foims long needles, m p 128°, bp 285° With 
phosphoius pcntachlondc it yields phthalyl ch/oude Fiom an ex¬ 
amination of its optical infraction and absoiption in ulliaviolct light 1 
phthalyl chlonde has been assigned the symmetncal stiuctuie, I (sec 
below) When tieatcd with aluminium chlonde 2 it is tiansfoimcd into 
an isomcnc modification, II Ihcsc two foims exhibit chemical as 
well as physical diffucnees The symmetncal chlonde gives a 
gieemsh-yellow solution with guaiacol and acenaphthene, wheieas 
the unsymmctiical foim lemains colouilcss 8 In this lespcct the two 
isomendes lcscmble phthalaldehydc, III, and phthalldc, IV, the foimet 
of which is symmetncal and dissolves in dimcthylanilmc to give an 
oiange-yellow coloui, whilst the lattei is unsymmctiical and yields a 
colouilcss solution The chlondcs also exhibit diffeicnees in other 
icactions With /me dust and acetic acid both phthalyl chlondes aie 
leduccd to phthalldc, IV, and with benzene and A 1 C 1 B they foim 
phthalophenone 01 diphenyl-phthahdc, V 


c 0 n 4 



COC 1 
CO Cl 


CCI 



a .CIIO 

O QIlZ 


CHO 


III 




5 


Phthalic anhydi ide condenses with phenols to foi m li lphenyl-methane 
dye-stuffs, which aie known collectively as phthaleins The icactlon 
piocecds by the /-hydiogen atoms of two molecules of phenol uniting 


1 J Scheibci, Ber } 1912* 48 , 
1922, 66, 413 


E Ott, Anti , 1912, 802 , 345 


o 


8 P Pfeiffei, Bo , 



44i 


POLYBASIC ACIDS 


with a caibonyl oxygen atom of anhydude to give watei The 
simplest of these compounds is phenol phthalem , foimed as follows — 


C ft H 4 -CO 



PI C 6 H t Oil 


b 

PI C q Hj opi 


c b h, c 


co—-6 



n J3 

C„II, OPI 


C 0 II 4 OH 


"b HnO 


Phenol phthalem 


In the above condensation of phthalic anhydride with phenol the main tcaclion 
is accompanied by the formation of fiuoiane (of the annexed 
foimula), which may be legalded as the parent substance of 
the fluoi e seems and iliodamines (see below) In this case 
the two phenolic gioups have condensed m the oitho instead 
of the paia positions, and by tlic elimination of an additional 
molecule of water between the hydroxyl gioups an oxygen 
ring, I (pyione ring), has been formed 

Phthaleins may be considered as substitution 
products of the above-mentioned phthalophenone, 
which is the mnei anhydude of tuphenyl caibmol- 
o carboxylic acid Many of them are of indusluai 
value as dyes 

Phenol phthalem (fonnula, see above) is piepaied by beating phthahe 
anhydude and phenol to 120°, in the piescnce of concenliated 
sulphuuc acid It foims colouilcss ciyslals, which dissolve in alkali 
to give an intense icd solution, from which the compound is piccipitatcd 
in the colouiless slate by the addition of acids On this colout-change 
depends its use as an indicator in volumetuc analysis If in the 
above condensation lesoicinol is used in place of phenol, the innei 
anhydude of lesoicinol phthalem, 01 fluoiescein, is foimed (foimula, 
sec below) It is a daik yellow ciystalhnc substance, soluble in alkalis 
to ycllowish-ied solutions, which, paiLiculaily when dilute, exhibit 
a magnificent gieen fluoicscence Thi\ cltaiacteiistic p/opetty of 
fluoi escein and sinnlaily constituted phthaleins is used as a test foi 
met?L-dihydioxyben^ene denvatives (see p <418) as ivell as for phthahe 
anhydude Fluoiescem is the stailmg-poinl in the prepaiaUon of 
most of the impoitant dye-stuffs deuved fiom phthahe acid When 
tieated with btomine, substitution occuis in the lesoicinol gioups with 
the foimation, for example, of tetiabiomo-Jluoiescein, C 20 II 8 O 6 Iii 4l the 
potassium salt of which is used mdustnally under the name of eosw 
In a weakly acid bath the lattei dyes wool and silk fine shades of led 



m /C 0 h 


C 0 II, ’ ■ >0[2] 


CO—0 X C a II 



OII[‘] 


l* luorescem 


ourn 


C 0 IIBr a 



on 


Cell, c/ >0 

CO -O X C 0 HBr a / oii 

Eosin 


1 The figures m brackets indiCTte the 


position of the substituents m the benzene nucleus 
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In place of phthalic anhydnde its di- and tetiachloio deuvatives 
may also be fused with icsoicinol, with the pioduction of fluoresceins 
whi< h aie chloi mated in the phthalic acid gioup Ftom these, by 
biominalion and lodination, aic piepaicd the dye stuffs known as 
Phloxmis and Rose Butqals icspectively The dyes obtained from 
chloi mate d phthalic acids aic distinguished fiom deuvatives of ordinaiy 
fltioieseun by a somewhat bluet shade of led, and aie employed 
paiticulaily in dyeing silk Galleut , ptepared by fusing together 
phthalic anhydnde and pytogallol, is a violet dye, which with con 
centtalcd sulpluuie acid at 200° yields Coeiulem The lattei dyes 
giecn and is a dciivativc of phenyl anthiaccne 

I he Rhodaminos foim anothei gtoup of dyes, and aie phthalelns 
of in aminophcnol and its N-alkylatcd deuvatives They arc obtained 
by condensing phthalic anhydnde with w-ammophenols, and aie 
among the finest of the icd dyes I he lhodammes aie legarded as 
dnumno-dcnvatives of fluoiane Commercial lhodamtne consists 
mainly ol the phlhalem of diethyl w-ammophcnol 


Coll, CO 
CO - O 

Plilltihc 

niilijdrjilc 


1 aIIC 0 II fl 


X)I1 

Diothjl m 
ummophcnol 


Ira 



C 0 II 8 

CgHn 



N(C 3 II b ) 3 

0 

N<c 2 n B ) a 

Rhodftmme 1 


+ a HoO 


/COv 

Phthallmldo, C U II/ >NII, m P 2 3 8 > can be Pupated by the 

action of ammonia on phthalic anhydnde It is used, on the one hand, 
foi the technical piopaiation of anthianilic acid, and on the othei for 
the pioduction of pnmaiy aliphatic amines and pnmary amino-acids by 
(xabiicl’s method (see p 211), which has also been modified by 
ii I'ischei fm the synthesis of diammo-acids.^ ( cf Oimthme) The 
synthesis of piimaiy amines by this method is effected as follows® 
I’hthuhmule icaels with alcoholic potash to foi m pot as stunt phthahmide, 
C 0 II, (CO), NIC, which when tieatcd with alkyl halides exchanges 
the mcliillie atom foi an alkyl ladical The alkyl phthahmide so 
obtained may be decomposed by healing with fuming hydi ochloi ic acid, 

to give phthalic acid and a pnmaiy amme 

(’ll, (( O), NK I IC 2 II 6 -- Coll, (GO). N C 3 II s + KI 
(CO ) 3 N CjII 6 l alljO - C fl TJ,(COOII) a + C 3 II e Nil. 

IsopltUiallo aoltl, betretn in <hca>boxyltc aettf, C 0 II,(COOII)2, results fiom the 
oxidation of ben/eno derivatives eontainmy two caibon chains in the in position, 
and may bo piepaicd by oxidising m xylene with calcium permanganate it 

1 In the 1 hodummes the Nil, o. N(Alk) u group occupies the p position to the cn,bon atom 
of the plitlmlic .chIcIuc 0 h 1 ' .sche., B» , 1906, SO, 531 8 ^ ^ v '» , « abIe improvements m 

this method bcg fnff itul M tnBkc, f ( 6 » 120* 23 tB 
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crystallises m fine needles, m p 348°, which sic difficultly soluble in water It 
forms no 'inhytliide A dcnvativcof isophthilic acid has ahculy been mentioned 
in uviiic aetd (see p 255) 

Teroplitlmllo aolfl, bi.nst.nc p dicai boxyhc acid , C(,IIi(COOII)i, is foirned in the 
same nnnnei fiom / disiibstitmion pioducts of bcn/uie, a if by the oxidilion of 
7$ xylene It is obtained by the oxidition of oil of uinim (cymenc | cummol) 
is a white amoiphous powdci, which on being heated sublimes without melting 
It foims no anhydiide 

Of the tlnee isoinoiic tncatboxylu acids of ben/onc the most nnpoitant is 
titmesio aold (1 3 S) It cm be picpated fiom the conespondmg trisulpliomc 
acid, by convcision into the nitrile and subsequent liydtolysis A 111010 mtciesling 
synthesis is by polymciisation of the aliphitie compound piopiolic acid 'liunesic 
acid sublimes about 200° and melts at 380° 

Mellitio aold, ben^enc-hexacatboxyltc acid, C 0 (COOIl) fl , is piescnt as 
tls aluminium ball, C ia Al g 0 12 +i 8 II 2 0 , in peat Owing to its yellow 
coloui the salt is known as honey-stone I he acid is obtained by 
oxidising hexamelhyl benzene with pcimanganale, and also by 
oxidising wood chaicoal 01 giaphilc with fuming mine acid It 
ctystalliscs in fine white needles, decomposes on heating, and when 
distilled with lane yields ben/cne 


IH—PHENOLIC AOIDS 

Aiomatic hydioxy-actds containing the hydioxyl gioup in an 
aliphatic side chain lesemblc in many ways the hydioxy-acids of the 
fatty senes, and the mote lmpotlanl icpicscnlativcs of these aiomatic 
alcohol-acids have alieady been mentioned On the ollici hand, 
aromatic acids in which a hychoxyl gioup is attached to the nucleus 
combine the piopeities of an acid with those of a phenol, and aic 
theiefoic dcscuberl as phenolic acids I hoy may be obtained 
by a numbei of methods, of which the following ate the most 
impol taut 

1 I'lom ammo-acids by dia/otisation and boding the lcsulting 
diazo compound with watci 

2 By the fusion of sulphoben/oic aetds with alkali hydi oxides 

3 By the action of cat bon dioxide on alkali plienoxides at high 
tcmperatuie (see Salicylic Acid) 

4 By the interaction of cat bon tcliachlonde and phenols in 
alkaline solution 

C 0 II 6 OK 1 CC1, I 4KOII « C 0 II,(OII)CO,K ) 4ICCI I 2ll 2 0 

The caiboxyl gioup tends to assume the /-position to the hydioxy 
gioup 

5 Fiom ben/cne homologucsoi fiom phenols by fusion with caustic 
alkali and lead dioxide In this mannet <?-ctesol yields salicylic acid 



SALICYLIC ACID 



Monohydroxy-monooai’boxylio Adds 


i IJydioxy-betioou. Acids 


yO H 

Salioylio add, o hyd> o\y-ben«oic acid, C 0 H 1 <' occuis in the 


form of its methyl estei as the chief constituent of oil of winteigiecn, 
fiom which it is isolated for thciapeutic pin poses The concsponding 
phenolic alcohol, sahgenin (see index), is a component of the glucoside 
salicin Salicylic acid may be foimcd by the above geneial methods, 
and is picpaied technically by heating sodium phenoxide with caibon 
dioxide undei piessuic at about 140° 

F01 a long time this icaciton was assumed to take the following 
coin se 


C„II fl ONa k COj 


Phenol 


-> CfjILO C 




o 


^ONa 

Sodium phenyl citbomtc 


> C 0 H. 



OH 


CO n Na 

AJ 

Sodium silicyhtc 


hut as a lesult of latci investigation 1 it appeals that the simplest 
explanation is the collect one, the sodium phenate (I) combining 
dnectly with caibon dioxide, at the tcmpciatuie employed, to foim 
the sodium denvative of phenol-0-cai boxy lie acid (II) 


I 



ONa 

CO a II 


Fiee salicylic acid is piccipitatcd by the addition of mineial acid 
and icciyslalhscd fiomholwatei It foi ms coloui less needles, mp ISS°> 
which dissolve spanngly m cold watei, and leadily in hot walei 01 
chloiofoim In aqueous 01 alcoholic solution it gives a violet coloiation 
with feme chloude It is employed as an antiseptic, pailiculnily in 
the picscivation of food, and is used in the piepaiation of dye-stuffs 
It was also used medicinally in cases of ihcumatism, but it pioduces 
ccitain undcsuablc after-effects and has now been displaced by deiiva- 
lives such as asjnnn (acetyl salicylic acid), CII n CO O C fl II 4 .CO 01 I, 
(mp 128°) having a mtldei action 

When salicylic acid is treated with an equivalent piopoitioii of 
a phenol in the picscnce of phosgene 01 phosphoms oxychloiide, 
esteis aic obtained 'lhus phenyl salicylate , usually tcimed salol 
C 0 IIj(OII)COOC 0 II ri , is picpaied by the action of phosgene on a 
mixlme of phenol and salicylic acid It melts at 42° nod is used 
as an antiseptic The jS-naphthyl estei of salicylic acid, betol, 
CoII^OH^OOCVIf, selves the same puipose, and the acelyl/- 

» Sec Bet , 1905, 88, 1375 , igoG, 89 , 1} 
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aminophenyl estei, known as salophene, is used as a remedy for 
headache Many estei s of salicylic acid aie employed as perfumes 

Meta and para hydioxy benzoic at ids, mp 200° and 2 io° lespcctively, can be 
pi epmcd from the cortesponcling ammo and halogen substituted benzoic acids The 
acids are of little impoitancc but some of their denvatives aie of interest JMethyl 
p ammo in hydtoiy benzoate-, m p 121°, is used as a local inaesthetic (undoi the name 
of otthoform), as is also the m amino / hydioxy denvahve (new orthofoim) 

p Methoxy benzoic acid, anisic acid, CH a O C 0 Hj COOH, is foimed 
by the oxidation of oil of aniseed, and may be piepaicd from p hydioxy- 
benzoic acid by methylation with methyl iodide and alkali, oi fiom 
p biomo-anisole by the Grignaid reaction, using magnesium and caibon 
dioxide It melts at 185°, and boils at 280° 


2 Monobasic Phenolic Acids with Ca>boxyl m the Side Chain, 

and the Coumanns 

p Hydroxy phenyl piopionio aoid, hydtocoumat tc acid, IIO C 0 1 1, CII 2 CII 3 
COOII (see p 449 )» results fiom the putiefaction of tyiosme, and occuis in old 
cheese and in the pancieas It is obtained by the liydiolysis of piotems and fonns 
monoclinic crystals, m p 128° The « ammo clenvative of this acid is tyrosine 

Tyrosine, p -hydioxy-phenyl-alanine, IIO C 0 Hj CII a CH(NII 2 ) 
COOH, occuis as the /-foim (m p 314 to 318°) in old cheese, the bemes 
of the eldei, the spleen, the pancreatic gland and in diseased liver It 
is also pioduced fiom many pioteins by hydrolysis with dilute acids, 1 by 
paneleatic digestion, 01 by putiefaction z-Benzoyl tyiosme can be 
conveniently obtained by the method of Eilenmeyei, jun /-Ilydioxy- 
beiwaldehydc, IIO QjIIj CIIO, is condensed with hippuiic acid, 
H a C(NII CO C„II B ) COOH, to give />-hydioxy - a - benzoylamino- 
cinnamic acid, HO C 0 II 1( CII C(NH CO C fl II 6 ) COOII, which on 
leduction with sodium amalgam yields ;-bcnzoyl-tytosinc, mp 192 0 
By ciystalhsation of the biucine and cinchonine salts E Fischei 
succeeded in resolving this acid into l- and rf-benzoyl - tyiosines 
(m p 162°) Fiom the benzoyl denvatives l-, dand i-tyiosmes can be 
piepaied by heating with hydiochlonc acid A physiologically 
impoitant denvative of tyiosme is the hoimone, thyioxme (p 671) 

Tyrosol, 01 \p-hydioxyphenyl ethyl alcohol? is pioduced by the 
feimentation of tyiosme with sugai and compressed yeast 

IIO C 0 IT t CH a CII(NII 2 ) C 0 2 II-HO Cflllj CII 2 CII 3 OH 

Tyrosine Tyrosol 

Tyrosol ciystalhses in small, colouiless needles, mp 93 0 and bp 
about 310° It is a noimal pioduct of the ptotein metabolism of 
yeast and hence is a by-product of all kinds of yeast fermentations, 

1 See fornnlion of / tyrosine fiom silk fibroin, E Fischer, Z pkyuol C/i, 1901, 88, 181 
8 F Ehiltch, Bet , 1911, 44 , 139 



COUMARIN 



being found in the majonly of feunenled beveiages, paiticulaily in beei 
and wine 

0-Hydi oxy-oinnamio aoicl, IIO C e H 4 Cl I CH GOOH, exists in 

two isomenc foims, distinguished as oonmavinio acid and r-coumanc 

aoid 1 cspectivcly 1 1 hese acids beai the same l elationship to one 

anothci as maleic and fumanc acids In eoumaiinic acid (II) the 

gioups IIO C 0 II t — and —COOII he on the same side of the 

molecule (wi-foim), and in coumatic acid (I) they aie on opposite 
si d es (ti ans-t bi m) 


II—C—C 0 II, Oil 

IIO OC—C—II 

I 


II—OH 

II—c—CO OH 
II 


H-C-C 0 H, 


H—C 



III 


CO 


I he chief diffcicncc between these compounds is that eoumaiinic 
acid in aqueous oi alcoholic solution is only stable in the foim of its 
salts, and when hhcialcd in the fiec st.ite passes at once into the 
anhydnde, con mm m (III) On the othei hand, o-couinaiic acid is 
leadily obtained m the fice state o Coumauc arid occuis in viehlolus 

and may be piepaied fiom o-amino cinnamic acid by way 
of the dia/o-compound, oi fiom coumaim by boiling with sodium 
ethoxide It melts at 2o8°, is icadily soluble in hot walei oi alcohol, 

and on i eduction with sodium amalgam yields o-hydiocoumniit oi 
mehiottc aud 

Ooumai'in (foi inula III above) is icsponsibk foi the pci fume of the 
woodmff {Aspei n/a odo> aid), and oceuis also in mchlot and in the 
Tonqmn bean It is piepaied by Pci kin’s inaction (p 441) by heating 
sahcylaldchydc with acetic anhydnde and sodium acetate 


A) 11 
C ft I I / 

XUI O 
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I (II,( GO) < > 

—■ —— ~ — 'y. 


I 11,0 GOON i 



O COCII 
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C fl II, 

C1I CII COOII 

Acolyl i.oummic ncut 

yO — CO 

c„n,< | 

X CII -CII 
Couimrin 


ILC COOII 


> 


Ilomologuos of rcnunaim may bo synthesised by the same method, 
using salts dncl anhydndes of piopiomc aud, butync acid, and so on, 
in place of those of ricotic acid 

Coumaim can also bo obtained by the action of sulphuiic acid on 
a mivtiiic of phenol and malic acid (von Pcchmann), and substituted 
comnaiins fiom sulpluuic acid, phenols and csteis of acctoacclic oi 
monoalkyl-ticcloact tic acids 

C011 maun is used in the picpaiaiion of peifumcs (essence of 
woodiuff) and pci fumed tobacco 


1 W 33oisihe, Bet , 1904, UYf 3^6 
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/UI CII 

XTm’bellifoiono. A-bydioxy-coumum, 110 G 0 Uj<f | , is found m the baik 

\ O—CO 

ot Daphne mt^u,mn y and is pioduccd by the distillation of lcsms obtained fiom a 
number of ilie umUlhfcra It m \y be synthesised by Pci kin's it iclion from 
p-lcsoieyl akkhydLj icctic anhydnde and sodium acetate, oi m i fenvulai mannti 
to (oumatin fiom lesoum iml mihe u id It melts al 240 and is the Ketone of 
/ hydiox) o toimiam uad 01 nmhdlu aud, (IIO), 0 * 11 , CII til (OOII ^ 
stiuUui \1 isomoidc of tins compound is caffut and, 3 4 diliydioxy cumamic acid, 
tin mmumicihyl alici of whicl \fttnhc and , m i> be convened into 'tamllm 

Among substitution dcnvativcs of coumaim maybe mentioned the stiucliimlly 
isomeiu diliydioxy compounds ancuhhn (I ) and daphneUn (II) 

I < 11 

HO*™ A/y 

6 

1 In* foiLiiPi 11 .i disuiption ptottucl of llic rIihoskIc aewului^ occiuun^ m the 
hoi'ii t he jlinit, anti Lin lallei of the t;huo>ulc ihiji/mui, found m munbcis of the 
I> iplim funily Acsuililm .uul diphnctm me piopiied by I’ttkm’s loitlmn, by 
ht itimi; bythtixy hytliocininom iiUlehydt anil pyiogalbc altUhytU uspcilively \uih 
.ui'tii nnliytlntlt mil KHlmin .lectilc 1 Ihey maybe icgaidctl 11 innu anhydudes 
{fi 1 ulom s) of tuhydioxy c inn unic aeids , the lalUn no not stable in the fice stale, 
but only in the foun of ttliei midsoi tllici cslois 

Dl- aticl Ti’lliydvoxy Monooax’boxylio Aoicla 0 

ilihyilinxy-tiuds may he duivcd fiom the thitc cl thy due phenols, 
pyioiatct hoi, ttsoicinol and hydioquinom Ail Uu six possible 
tHonuudei am known 

X OJlj 11 

Pi'OtooatQoluito nolcl., (,,11/011 j^], is foumd fiom vauous 

Mill |d) 

it sins fiaUthu, |(um lun/oin, myuh .uul patlitul.uly kino) by fusion 
w itlt alkali It may also ho obtaimd fiom pyiotaltthol liy heating 
it to i,|o with amintmnun taihonaU It ciyitallists with i mol 
Wat* i, and m tlu anbydious stati nulls at iyy', fusion he mg atunn- 
p.uuod by d< t oinpoiitum into taibon diovitlt and pymtaUehol In 
lUjiittHiH solution piotm alt thuii and gtvt 4 with him iblonde a gu.ni 
toloi lUoit, wimh on addition of sodium taihonate changes to blue, 
■uid finally to K'd 

At ton Imp, to ihcoty, Ihtu should ht si\ posstlile tuhydioxy 
lien/ou auds, Uuve of which aie known, 

C+aUlo aoitl, 3 $~hiftvdmw In tt on ami, ( ,,11/011),C OOII, n 

(omul in Lea, nut gaits, the fiutl ol Cusalpma tonana the 

1 Ct atom mu uud 1 iw< i , Jfu , lflyj, 08, aK<) ’ bnii tly iju ikiiip the th mid ni)iytlroxy 
cniiiimiii in iili> tin ■ n td in llic |ii(.viinii fatuion dimild tn iiithidul hue 1 lity art, however, 
mint! i dimiih ii tly lu ilul in conneuiun with ctnmoiin 
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loot of the pomcgianatc anti in many othci plants It is usually 
prepaicd fioin tannin by boiling with dilute acids, and may be 
synthesised fiom biomo-dihydioxy-ben/oic acid oi biomo-ptolo- 
catechuie acid by fusion with potash It dissolves icadily in alcohol, 
ethci 01 boiling watci, but is only spanngly soluble in cold watci 
Fiom the lattei it ciystalliscs with i mol II 2 0 On healing to about 
220° it decomposes into eaibon dioxide and pyiogallol Solutions of 
its alkali salts absoib oxygen fiom the an and become blown m 
coloiu When gallic acid is tieated with potassium pet sulphate m 
sulphuiie acid it yields ellagia aoid, 1 CjJCO,, Gallic acid piecipilatcs 
gold and silvei fiom then salts and lienee can bo cmpIo>cd in 
phologtaphy With feme ehloudc it gives a blue-bl ick piccipitale 
Basic bismuth gallatc, (UO) ( C„II„C 0 2 lli(OII),, is used m medicine 
undci the name of dermatol, as an odomless antiseptic in cases of 
injuiy oi disease of the sUm Bismuth hydioxy-iodido gallatc, 
(IIO)jC n II,CO a Bi(OII)I, is employed similaily undei the name of alvol 

Oisellinio aoid, /{ 6 -dihydt oyy-o-tolitu and, LII, C (1 II<,(OII)_, COOII, 
is of impoi lance in connection with the chemistry of lichens, fiom which 
souicc it may be e\liacted It is piepaicd by oxidising the icadily 
obtainable oicyl aldehyde, 0 oi fiom the methyl cstei of dihycho- 
oiscllimc acid ’ On paitial methylation with diazomethano it yields 
evorninio aoid, 011 , 0 ( 4 ) C 0 II a 011(6) CII a (2) COOII(i), which is 
also piotluecd by boiling ivutuc and /amain <uuh (picscnt m many 
lichens) with baiyta It foims coloutless needles which on lapid 
heating melt with decomposition in the neighbouihood of 170° 

Dopsidee 1 

By the combination of phenol cmboxylic acids, Itmil 1 'ischci has 
synthesised a numliei of estet dcuvatives which he has named d</mdi , s ) 
because of the leseinblanct many of them show to the tannins (( 5 c</>cn>, 
to tan) Accoiding to the numbci of phenol eaibtixylie acid molecules 
united togclhei, these aic distinguished as di~, tn- ) tetta dej>ude<t, and 
so on I he noinenclatme is thus sitnilai to that of the polysacchai ides 
and polypeptides A simple example of a di-depside is the anhydiide 
of J / , -hyclioxy-ben/oic acid, foimed by the phenolic hydioxyl of one 
molecule uniting with the caiboxyl gioup of a second to yield the 
cstei, IIO C'fll^GO—O CJI, COOII (depside of /-hydioxy-ben/oic 
acid) In a similat mannei a thud molecule may enlei into icaction 
to givcthc Lii-depsido IIO C ( |II, CO—O (.„!!, CO*—O C fl II 4 COOII 

Fischci piepaicd the above compounds as the icsull of an obsciva- 
tion made duung the synthesis of polypeptides of lyiosine, foi which 

1 For tlic constitution of lliw ncui, bcc A G Pci kin uid Nicicnstcm, Ptoc (/toft *> oc , 1905^ 
31 , 185 Ilci/ijf uid Polhk, Vonais , 1908, 20 , 363 Gallic, b ' e > , 1903, 83 , 313 J Iloesch, 
Btt , 1913, 40 , 886 1 A Soiin, Bet , 1928, 01, 926 ‘ ]• Fischer, Bet , 1913, 40 , 3253 , 

1919, E2, 809 P K mu snd S domon, Uelv Chtm eUfa , 1912, fi, J08 , 1923, 0 , 3 
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the acid chlondc of chloiacetyl-tyiosme was icquucd It appeal.ccl 
piobablc that the ficc phenolic gioup of the acid might cause double 
owing to the necessity licatment with phosphoius chlondc, and it 
was thctefoic piolcctcd by the intioduction of anothei gioup which 
could latei be lemoved without difficulty Foi this pui pose the 
caibomcthoxy gioup was selected Lulu the same pioccss was applied 
to the phetiol-caibo\yhc acids and led to the synthesis of dcpsidcs In 
place of the caibomcthoxy compounds fiist employed, Fischci lalei 
used ncctylatcd phcnol-cai boxyhc acids m this woik 

C at bomethoif Di > ivahvt s of Phenol-uii bo\ylu A cuh —T. hesc ai c 
icaddy obtained by the combined action of methyl chloiofoimale and 
alkali on phenol - caiboxyhc acids m cold acpuous solution 1 Ihc 
icacLion piocecds ,pai liculai ly smoothly when the phenolic gioup 
is in the m- 01 p [losilion to the cat boxyl gioup, eg />~hydi oxy- 
bcn/oic acid i caddy yields caibomclhoxy-/>-hydioxy-bcnvoic acid, 
Clip CO O C^II, COOIf 

Chhi ule i of uvbomethoiy-phenohai boxyhc aculs aie obtained by 
the action of phosphoius penlacliloiide on the acids 'lhey aie usually 
ciystallmc and have most of the piopeiltes of benzoyl chlondc Since 
Lho unborn ethoxy gioup can easily be lcmovid, they aie of gieat value 
foi fuithei synthesis 

Couvct \ion of the Chloi uies into Depsidis —I he acid chloudcs may 
be combined with fit u phcnol-cai boxyhc acids, and on subsequent 
lemoval of the embomethoxy gioup di-dcpsidcs aie piodueed lly 
lepeating this piocess tn- and tcliu-dtpsides may be obtained Foi 
example, the chlondc of cai bom ethoxy-/' hydioxy-bt n/otc acid unites 
with y’-hydioxy-lxn/oic acid in the ptesuiee of cold aqueous alkali lo 
foim the sail of eaibomethoxy \i-hydto\yben oyt-hydio i y-ben oit acid 

ClljO CO O C„H, CO Cl l NaO (yr, C OONa 

- Nat 1 I CII .,0 (O O t., 11 , CO O C ( ,)[, CO^Na 

On Lnatment with nnneial acid this salt yields the fico acid 

Panova/ of the Cai bometho if Crionp .— lhis may be effected by 
means of cold diluti alkali oi ammonia 

lly the st methods 1‘ischei has pupated nuincious dcpsidcs and 
some In and U Ua-d< psulcs, including llu di-dc psides, leianoia, and 
and amine and, which an piosont in lichens 

Pfopcihcs of Depsidis —All (Upsides an decomposed into then 
uimponcnls by an excess of diluU alkali, even at the onlmaiy 
tempeialuie lho di-depsides oi gallic, piolocateehuic, gentisie and 
fU esoteylit adds pienpitate dilute solutions of glue, and give a 
pn ci pi Late with quinine acclaU <ven at high dilutions In this 
pioputy they differ fiom the puicnl phenol - eaiboxyhc acids and 
lesembie. the tannins 


1 17 libthoip He* | 3 ^ 08 , 41 , 2875 
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Deputies in Lichens 1 


So far as is known, the lichens foim the only naluial souice c 
depsidcs Lichens aic a lesull of the symbiosis (lit living togethei 
of alg t e and fungi, and then pecuhai moiphological chaiactei goc 
hand in hand with then unusual chemical composition, as shown 1 
then content of depsidcs Among the lattei the best know 
representative is lecanoi ic acid 

Lecanoria acid," p di-oisdlimc acid , is a di-dcpside of the foimula 




Oil COOH 


It may be isolated fiom vauous lichens, and has been synthcsisci 
by methods alieady dcscnbed fiom oisclhnic acid Lecanoi ic acid 1 
spaimgly soluble in watci, but dissolves moic leadily in elhci (i 30 
In the diy state it melts with decomposition at about 1C6 0 

Bvernio aoid, monometliyl-leoanorio aoid, contains a methoxyl u 
the p position to the depside gioup (sec pievious foimula), since th 
eveininic acid obtained (togethei with oiselhnic acid) fiom it 01 
hydiolysis has been shown to be /-methyl oisclhnic acid It can b 
synthesised fiom eveininic and oisclhnic acids by the same method 
as wcie used foi lecanoi ic acid 


THE TANNINS 1 

Undet this name aie included numetous vegetable pioduct 
possessing the common piopeily of combining with animal hide t< 
lcndci it pliant and non putiesciblc When an attempt is made P 
classify these substances fiom the chemical standpoint, it is found ilia 
they fall into a numbci of quite diffcient gioups Those best invcsti 
gated aie the tannins of the tannic acid class, which may be dcscubei 
shoilly as csleta detived fiom sugais by union with phcnol-caiboxyh 
acids 

The typical and most nnpoitant tannin is tannio aoid This 1 
closely 1 elated to gallic acid, and is piesent in laigc amount (abou 
50 pci cent) in gall-nuts, which aic pathological giowlhs on the leave 
and twigs ofUecs of the oak family, due to the punctimng of tin 
tissues by the gall wasp In addition it 10 found in sumach, tea anc 
many olhci plants It is best picpaied fiom finely-divided gall 

1 £ Fischer Bet * 1913, <LG f 3369 A Bonn, Bet , 1928, Gl, 2479 a E tischei nm 

II O I 1 'iachet, Bet , 1913, 4 < 3 f 1138 z Iuemlenbtrg, Dte Chtmu det tialtithe/ten Getbstoffi 
Beilin, 1920 
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nuts by extraction with a mixture of ether unci alcohol Even after 
the most careful purification, commercial tannic acid is not a homo¬ 


geneous compound but a mixture . , 

Pure tannic acid is a colouilcss amoiphous substance, which dis¬ 
solves readily in water and spaiingly in alcohol and ether The 
sLdueous solution possesses a biltci astringent taste and is coloured 
daik blue by feme salts, hence its use in the mnnufucluic of ink 1 
Tannic acid is withdrawn from its aqueous solution by animal hide, 
the lattei being “ tanned M and convcitcd into lcalhci (see p 457 ) 
Tannin also piccipitatcs many alkaloids and pi oleins from then 
solutions This icaclion pi ovules one of the most sensitive tests foi 


proteins 

Thewoik of E Fischci has tin own much light on the constitution 
of tannins fiom the leaf gall of R/nt't A amafota (Chinese tannin) and 
the twig gall of Qtteuus mfcctoua (luikish tannin) Ihe last details 
of then constitution will probably icmain unsolved for some time yet, 
as these amoiphous ptoducls appeal to b< msepaiable mixtures of vciy 

closely related poly galloyl-glueoses 

Fischer has also synthesised olhci dcpsulcs m cstu compounds of 

glucose with phcnol-caiboxyhc acids Of these, \-zalloyl-fi-pJuiosi, 

C H 0 6 O CO C 0 II 2 (OI 1 )„ w<ts identified with the t>/ncogalhu of 
Chinese lhubaib 8 lhe woik culminated m the synthesis of penta- 
m ehgalloyl-/ 3 -glucose, |(IIO) a C 0 lI B CO O (I K))/„II a ( OJ r> C 0 IIjO 0) 
which shows a stiong le semblance tei Chinese tannin, of which it may 
possibly be the chief constituent ’ 

Tux'kisli tannin is less homogeneous than that fiom Chinese galls, 
as it also contains a compounel of ellagie ueul which is icaddy soluble 
in watei In this tannin the giealei putt of the gallic acid is united 
to sugat m the foim of galloyl gioups, because on methylalion and 
hydrolysis with alkali only a small piopoiUon is lecoveicd as 
in, /-dimethyl-gallic acid, the gieatei pait being obtained as tnmclhyl- 
gallic acid lhe phenolic hydioxyl gioups aie theiefoie almost 
entncly free in Tmkish tannin, and the galloyl gioups must be hugely 
present as such and not m the form of condinstd gioups such as 
digalloyl The relative piopoition of sugai to gallic at id is considciably 
largci than in Chinese tannin, I mol glucose eoiicspmuhng to about 
5 01 6 mols gallic acid 


1 Ordimry writing inks commonly consist of n solution {outlining tnnilt ncnl (or 'iqueouB 
oxtnet of gill nuts) and fuiotw fiiilph ilc, togclhu with cLililn m ulic sulistunccs, gum, tnd 
phenol (to pi event mouldmcsi) 1 lie furouu Hilt of liiiiin uul in !nt>t foimeil, oi the tiniuc 
acid may become hydrolysed, giving the suit of g illu tunl lhu.c salts ue solulilc md only 
feebly coloured, and the simll amount of acid (Llt /1 oi II Mi,) picacnt pievcntii tlic untimely 
piecipitation of blick ferric compounds ’When used fm writing the acidity of the ink is 
neutralised by die alumina picsent in the paper Oxidition then ocellis uul a blick uiboluie 
iron precipitate, stable to light, is formed Owing to the pile coloui of the unoxidised mk it 
is usual to add djes, such as soluble indigo oi unlitic blue, to the above mixtures J lit / , iDiQi 


52 , S18 “ Ba , 1918,6!, 1760 P Kauci, IJelv Chun Ada, 1923, 0, 3 
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Hamamell tannin, 1 obtained from the Imik of Hamamehs Vuginna^ aystallises 
well and may be icgirded as homogeneous It lot ms coloutlcss needles of 
[ct]^ = 4-35 6° in 1 2 per cent aqueous solution In plxce of glucose it contains some 
other hexose combined with gallic acid m the form of an ester, as m the 
gallotanmns None of the phenolic giotips ue substituted and each galloyl lesidue 
is united tlnongh the caiboxyl to a hydroxyl group of the sugai From the 
degiadation of ham imeh tannin by feimentation the piopoition of gillie acid 
to hexose has been found to be 2 1 Analytical icsults agiec with a di galloyl 
hexose 

The chscovciy that cslci compounds of sugais with phenolic 
caiboxyhc acids constitute a laigc class of tannins is of gieat 
impoitance m connection with plant physiology It is of paiUculai 
lntucst that the sugat of the plant is used m the same way as glyceiol 
and the monohydtic alcohols in the estcuficalion of acids 

Tannic acid is employed as a medicament, in the ptcpaiatton of 
inks, as a moidant in dyeing, and foi the claiification of wine 

Taunlffon, 'ipp'uently picpaicd by urating l mme icid with acetic anhydndc 
and ethyl acetate, is probably x diacotyl tannin It is used medicinally in cases of 
chi0111c dnnlnxa 

A numbet of othci natutally occuning tannins have as yet been 
little investigated I hose me usu illy named aftci the plant in which 
they occui I hey all dissolve icadily m watci, possess a btUei taste, 
give adatk blue 01 gtecn colum with feme salts, ate pi capitated with 
lead acetate solution, ptcapitate ptatoms and tiansfoim animal hide 
into lealhei Some of these compounds aie glucosidcs of gallic 01 othci 
closely 1 elated acids 

Among such subsumes may be mentioned kino iannm y the chief constituent 
of kino , mot infra tannm 01 maUntin^ extracted fiom the yellow wood of Atoms 
hue tot in by meins of hot watci, tlu Unnin of colli 0, occuning in coffee berms 
uid Paiaguiy tea, and oal burnt occui i mg in the buk of oi k lnom cmehom 
oi Peiuvian buk is obi lined a 1 uuim which ts pic sent m combination with the 
cinchona alkaloids 1 he eommem illy viUublc fanntn of the chestnut is ichted 
to that of the native oak when ticatcd with dilute mmcial acids it yields ellagjc 
acid, glucose and Uaces of gillie acid Us behaviom on feimentation appears 
to exclude it fiom the cliss of estci tannins, to which the gall0 tannins belong, 
and it also shows no similar ity to the calechins, since it contains no phloroglucinol, 
is stiongly acidic and is almost insoluble m cth>l acetate 2 

Oatoolilns — llus gioup includes a numbet of isomcitc compounds 
of the composition C l0 IInO 0 which aie picscnt in cuhh 01 catechu , 
a ptoducl piepaitd fiom vauous plants by extraction with hot watei 
Gamble ; catechu is obtained Horn the bush Uncaua gambiei (Malacca, 
Penang, Smgapmo), Buigal 01 acacia catechu fiom the wood of Acacia 
catechu (India, Biuma), Bombay oi ateca catechu fiom the hint of the 
betel nut palm tice, A/cca catechu (Asia), and mangtove catch fiom 
the baik of the mangiovc, Ccnops catidolltana Ihc pmc calechins aie 

1 IC 1 'iuideiihcig, Bit , 1919, ill > 1920,68,95$ Amt , 1924.440,5 3 K Pieuden 

beig and II W ilp^lci, lUt , 1921, 61 , 1695 
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colouiless crystalline denvatives of phlotoglucmol They foim the 
basis of many natuial tannins, and undei the influence of mmci.il acids, 
enzymes or heat they leadily change into amoiphous tannins 01 
tannin teds 

Ihe constitution of these compounds has piovcd an exceedingly 
difficult pioblem, but the lesearclies of Fteudcnbeig, based on eaihei 
work of Kostahecla and of A G Pei km, have now shown the catcchms 
to be isomendes of the following stiuctuie I This constitution is 
closely related to that of the flavonc dye-stuffs 1 (eg qucicctm II) and 
the anthocyamdins (eg cyanidin chloride III) The lclationship to 
the natuial flowei pigments was pioved 2 by the convcision of cyantdm 
chloride (p 786) into 1 r/^catechin by 1 eduction in alcoholic solution, 
using platinum black and hydiogen 


no 



o 


on 


*CH~/ Oil 


V^ch/ 


ten OH 


HO 


I Citechm 


ci 


HO 




o 


on 


no 




0 


\ 



\co/ 




G—Oil 




Oil 


HO 


11 Quercetin 


Oil 

d> 


Oil 




C—-OH 


HO II 

III Cyanidin chloride 


As may be seen horn foimula I, these compounds may exhibit cn 
and trans isomerism due to a diffeient anangementof thegioups aiound 
the two C-atoms mailccd * Catechm itself is believed to be of the 
Uans type, and the moie recently discovered ^catechm of the cis 
variety In addition the two marked atoms are asymmeluc, thus giving 
use to optically active and lacemic foims of cateclun and e/>icatechin 
It appears that, owing to the crude methods in use, aceitain amount 
of cts-tiaiis isomerisation and racemisation occurs duiing the piocess 
of extraction Freudenberg and Purmann 8 carefully extiacted acacia 
heart-wood at a low tempeiature and found the pioduct to consist 
almost entirely of l ^icatechm and a little 1 catechm The technical 

Formula I for catechm and the lelattonship to c|uercetm were first suggested by A G 
Perkin and Yoshit-ike, J C S t 1902, 81 , 1162, 1905, 87 , 398 8 Freudenberg and 

co workers, Ann , 1925, 444 , 134 8 Ann , 1934, 487 , 274 
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pioducL fiom this sotuce examined by A G Pei km, 1 and named by 
him rtmcatechm, has been found to be a mixtuic of slcicoisomeudes 
(>-c«itcchin, togethci with / catechm, /-<?//catcchm and r epi cateclun), 
foimed appaiently by the tiansfotmalion of / ^ca tech in 

A led amoiplioua substance known as cateolmtnnnio acid is piesent in small 
amounts m Gambiet cafechtt, and in considciably laigei quantities in the biovvnci 
vanclics of cutcli It is believed to be an .tnhydtidc of cateclun and is a powerful 
tanning agent 

Cutch 01 catechu is also used as a dye, giving a fast biown colom 
on cotton Foi this pui pose it is employed in combination with coppei 
sulphate followed by ticatmcnt with potassium bichi ornate It is also 
used as a pieseivalivc foi fishing nets, sailcloth, etc 


Tanning of Hides 

Animal skins lapidly puticfy in the moist state, ami on chying become stiff 
and lnul 13 y tanning they may be convened into lcathei, which resists decay 
and 1 cmains pliable when clued Accoichng to the matcnals employed, a distinction 
is diawn between bcuf , tntnetal and oil limning It is mainly in the fiist and 
oldest of these piocesscs that the Unnms ate used 1 

iho mateimls used as souices of the tannins aic as follows oak buk, pine 
bark (Saxony, Ilungaiy), hemlock Hi (Noitli America), laich (England), bitch 
and willow (Russi tn leathei, Swedish and Danish glove lcithci) A wood uch 
m tannins is gut In at ho wood, containing on the avciagc 20 pci cent of tannin, 
extracts of which aic impoitcd in considei ible quantities from the Aigentinc 
Exliacts fiom wood of the oak and chestnut, and also fiom vauous harks, ire 
mule by ticatmcnt with hot watu and subsequent coiu.cn ti at ion Such cxtiacts 
aic employed on a laigc sc ilc 

The skms must fust be picpaicd and lcndcicd capable of icadily absorbing 
the tanning hquoi Of the two mam layus of which the hide consists, yu 
the cpidcimis (outci layer) and the couum 01 dot mis (title skin), the latter alone 
is requtied I he fiesh skm is thciefote hung m miming watex to lcmove blood 
and dut, and the hau and cpidcimis loosened by ticatmcnt with lime, sulphides, 
01 decomposing dung, which also makes the tcxtinc moic open I he cpideimis 
and han aie then tamoved by sciapmg with blunt tanncis > knives 

Ihc subsequent tanning pioccss may be efTTccted with tan bark, which takes 
a considei able time, 01 may be completed much moic lapidly by the use of tannin 
exit acts In the forme 1 method the skins aie hung m pits containing tan hquoi 
of gieatet and greater conccntiation ovei a period of six to eight weeks, and aie 
then tiansfured to the f< layeis ,J In these the skms aie placed m laycis, each 
being dusted ovei with the solid tanning mateual and the whole coveied with 
stiong tan hquoi I lie liquoi is usuftlly withdiawn and renewed several tunes, 
the length of ticatmcnt vaiying with the thickness of the hide from llucc to 
six months 01 moic 

With the aid of numin exliacls, on the othei hand, a skin m ty bo completely 
tanned in fiom two to twelve weeks, accoidmg to thickness 

1 J C Si 1902, BX, 11 Co , 1905* 8^1 4°4 Otl ianntng (for chnmota leather) is effected 
with the aid of fish otl, 111 minenl tanning use is made of n solution of alum and common salt 
(alum tanning) x hislc chiomium salts ( chrome tan mug) ^ oi iron salts Chrome tanning has 
recently become a serious lival to vegetable tanning 
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Certain tannin substitutes have lecently come into use, such ns no ado! (n 
condensation pioduct of phenol sulphonic acid with foi malelchyde), ntiadol Z>, 
and o> doval 

It has not jet been deteinnncd with certainty whethei the tannin is deposited 
mechanically in the hide 01 cnteis into chemical combination with it I he changes 
taking place probably follow m the mam the laws of colloid chcmistij 


High Molecular Products 1 

Synthetic pioclucts of vety high molecuhu weight have ulicady 
been descubcd undci the depsides and tannins lhc ptcpaiativc 
methods thcie descubcd pcimit the synthesis of compounds of much 
highet molecular weight than the tannins, and in oidei to see how 
far this compicssion of mattci could be earned, E Fischei coupled 
up /-iodophcnyl-maltosa/one with ti lbcn/oyl-galloyl-chlonde Tn 
this mannei hcpta-(liibenzoyl-galloyl)~A-iodophenyl maltosa/onc was 
foimed, a compound containing 426 atoms m the molecule and having 
the moleculat weight 4021 
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O 


Ilepla-ftnbcnzoyl galloyl)/-lodoplienyl- 
nrnltosazono, t'EsoHiaOsaN ,Ia 


R = CO C tl II 2 (0 CO C U H 6 ) 3 


“With this numbei (mol wt 4021),” vvntes Fischci, "the compound 
stands at the head of all 01 game substances of known stiuclme and is, 
in addition, accessible by complete synthesis’ 1 In the si/c of its 
molecule it is sevcial times laigci than the highest pioduct of poly¬ 
peptide synthesis, and in this lespccl may even exceed the majouty 
of the natuial piotems 


XII 

Hydioaiomatic Compounds 

Benzene and its derivatives can lake up hydiogen, without disiuplion 
of the six-membeted ling, tofoim hydioaiomatic compounds Although 
the lattei possess the same ring stiuctuie as thcaiomatic compounds, 
they cliffci from them in many points and show moie lcscmblance to the 
aliphatic senes The caibon ling of hcxahydiobenzene, 01 hexa- 
methylene, exhibits appioximately the same degicc of stability as that 

1 F Fischei uk! Iv Frcudenberg, Bti , iqi 3 i mC, 3287 
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of pentamethylcne (p 350), and these compounds and then dciivativcs 
behave in the mam like the paiaffins—although somewhat moic icactive 
in consequence of then cyclic stiuctuie On thcothci hand, tetiahycho- 
ben/cnc and the dihydiobcn/scncs concspond to the olefines 
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A 14 Dihydrohen/ene 


Only one tettnhydioben/cnc exists but two clihjdiobuvenes me possible 
Numerous cases of isomensm ocun among’ dematives of tlicse liydiocmbons 
accoiding to the position of the double bond oi bonds, winch must llietcfott. bo 
indicated l 1 01 this pm pose the six c ubou atoms of the hex igon ung uc numbered 
and the position of a bond indicated by the Gtcek letter A, to which is tUiclicd 
an index nunibet coi responding to the fust atom of the doubly linked pan, is 
illuslnatcd in the above fonmil i 


The hydiobcn/enes and then dciivativcs aic dcscnbed in the 
succeeding pages, a scpaialc section bung devoted to the tcipenes, 
which aic denved fiom 1 educed cymcncs 

Many hydioaiomalic compounds ate distinguished by the ease 
with which they may be tiansfouned into the concspondmg aiomatic 
substances 


I—HYDROCARBONS, ALCOHOLS, ICHTON13S, ALDEUYDB3S AND 

AOIDS OF THH OYOLOHBXANW SBRIBS 

Ocean ence —Hydi ocai bons of the cyclohexane senes aie present 
in considciable quantities in Caucasian petiolcum The mixluic of 
hydiocaibons known as naphthenes, obtained by fiactionating the 
petiolcum, consists inanity of eyclopcntanes and cyclohexancs 1 

1 < 0 )motion —A numbei of melboils of synthesising hexamethylenc 
dciivativcs have aheady been desuibcd and these may be biicfl^' 
summai iscd 

Many have been picpaicd by 1 eduction of the coucsponding ben/cne 
compounds, teccntly with the use of metals of the platinum gtoup as 
catalysts The method of Sabatici and Scndcicns (passing the vapom 
of the substance, mixed with hydiogen, ovci heated, finely-divided 
nickel) may also be satisfactory employed foi this puiposc 2 

In othci methods aliphatic compounds foim the slaiLing-poinl 
Cyclic ketones, as aheady explained, aic pioduccd by distilling the 
calcium salts of dibasic acids, cyclohexanone, foi example, being 

1 l*or the ougin of nnphilicncs mil imphlhtnic m id:;, &ec O Abdmn, Ann , 1902, 8211, 1 
I'oi the constitiUiim of naphthenic acids, see ibo N /chutky and li I'ukiowsknj'i, Bt > , J 92 |, 
67 , Ji J Sxbitiei nnii Mtulhc, C , 1906,1, 1248 Snlntiei, Bet , 1911, 14, 1984 /elmsky, 
Bet , I9M, 41 , 2779, 3 i 2 l, 1925, 68, 1298 
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(coil) and rap 64°, with a smell like bcn/me A chaiactenstic 
piopcity is the case with which it is oxidised to adipic acid by mtuc 
acid Ben^tne heutchlof ttft, C 0 II 0 C 1 QI a chloto - dcuvativc of hcxa 
methylene, is foimed by leading chlotinc into benzene, and exists in 
two modifications (nip 157 0 and 310°) Monochlo>ohe\amcth)lene is 
readily ptcpaied by the action of chloiinc on hexamcthylcnc Unlike 
alkyl halides, these inonochloio- and biomo-deiivalives do not yield 
alcohols when ticated with alkalis, but fotin totialiyclro-benzene, C 0 II 10 
I he lattci is a colotulcss liquid boding at 83° to 84° (743 mm) 
Ammo-dcilvalivcs of hcxahydi obcnzcnc lcsemble aliphatic amines 
in then behavioui 

Hexaliydi’ophonol, cytlohexano! , C 0 II 1L Oil, is pioduccd in good 
yield by leading a mixtuie of phenol vapoui and hydiogen ovei finely- 
divided nickel at 140° to iGo° It is a colouilcss liquid, bp 1605°, 
which solidifies at a low tcmpeiatuic to a mass of melting-point 20° 
With hydiobiomie acid it yields the above-mentioned monobtomo - 
cyclohe i ane, bp 162°, and with hydiiodic acid mono-todo-cyclohe\ane , 
bp 180 0 When hcxahydiophcnol is heated with oxalic acid, watei is 
eliminated and teUahydioben/enc foitncd 

Quinitol, tyc/oheuine-i d^-chol (hexahydio-hydioquinonc), was 
obtained by Bacyci, by 1 educing />-diketo-hc\amethylene (see p 463) 
with sodium amalgam IL exists in two steicoisomeuc foims 

"lhis type of isomeiism is sinnlai to that descnbed undci fumanc 
and maleic acids (p 49), the ting stuiclme hindenng fice lolation 
of the cat bon atoms in the same manner as the double bond of 
the ethylene senes Poly methylene dciivalives thus exhibit steico- 
tsomerism due to the diffeient spatial positions of the atoms with 
refcicnce to the plane of the ling, exactly analogous to the gcometucal 
isomerism of ethylene compounds, in which the atoms occupy diffeient 
positions in space as icfcncd to the plane of the double bond Theoiy 
thcrefoie pi edicts that each disubstitution pioduct of a polymethylcne 
should exist in two slcrcoisomcric foims, accoiding as the substituent 
atoms 01 gioups lie on the same 01 on opposite sides of the plane of 
the ling In agicement with this, two isomcnc qumitols aie known, 
concsponding to the foimula! 


H II H II 



cif-Quinttol, m p 103° it iww-pumrtol, m p 139° 



Il.'l 


i hk (TiU nnr\ vm m iti i s 


I 111 M tlllll I lit till II ( < <1 ill j Ml I ill || >11 III Ilf It I 1 H lit it HI 


1 it 1 


ll I 


v 1 ! U' i i ) 


till liyihow I pinup In mi tin nut nli , tmi m 

nppn i(t tiiIt <it llu |»l iih nl tin tin * 

Qumoltnl, i u Wr i v < , >(! < , 11 till t I m i m m j*Si nl, 

at tivi Imiii in imiii iln im . p* ** » ll mi li it ' . 

lnonUnl 111 K >/1 i t jt 11 i >/ t 11 till i I in ii m ih m i li i 

final, a laitiun ainl ln>* "pin ill\ ntm Imm ll i t m E , *1 
mil 11< <>l tin In nt in llu i mil in ilium j.l mt It 1 '1 

•ami impunil tm mull i> tin In \n < vliulj it P . t < i t ). 

ha\ a)[ t \ 11 i I i l< 

1 in n (Hi m>< il"l i (a' ami ' in t<| mil n t i l<n 0 * t , " 

ItllUM llllpt It lll\ ltll\t t "lllpMllM'l i "III 1111111} li" 1 V mini t|ii it tit 

lluti t mitij'ia iti"ii. hm In mi I'pc infill I,, I*, h t ,n!t m th 

fnlliiM ui|, til uilli l 


till U 


ii on 


on 


n 


u on 


u n 


on 


on 


n 


on u 


% nl 


i! 


H 


H 


n 


on on 


tm t»u 


‘iint i ul t Ik mitt tla m 11 a all\ pi t 'iiti|i i unit i nli > • a {i« s i |>t, , ,• • 

t\tl"ln\ant "ttlv tin a Inn iniiiin mi ipi tliinimi ,m miK ns i 

|*lam nt 'i}uiiik in 

Koto hoxaimiLhyUinn, »i> tnimiil In In ihnp 0 
I.ihimn -.alt nl n pmu lit at i<| ' tat p *, *!, mil t in it. p».pit< 1 li 
oMilulinil nl lilt mm puiulmp almltn) iv<)"li* , iik>I Ii t> p 

lip IS*!, null a am II ul pipptimuil f In uilinii n a \!t| ( i» 

lu \atinl, ami "iinsiil itmu u illi nilt n im<I j m a>lipn uni 

( ) i l"lw \aimm t a f Dilinm t n Miiipnmul m<t in < i« * l • al m 

U'i ,i Ui tmii ui i < a hi ill "j » n,i|i (| pin nut i \i |, t| , 1 ,* ,}| j j,, i 


1 U 



( O 



f II, 

It/ ,f ,nil 

U/’ HI 

« 


Ah n Itt'lum ll umli >, with luilm ilamim* aiul "'limn 

1 Nm III run i mill I rUrrn| .. ll |i i,i ,, ,i,w j , r l v , , 

tlm uirlii.xvli, mult " (lilur <<>iu t |. t i. I !„ n l, • „ 

jim, / c iS, I'lui, on, Kip, i*,, Mn I,,, i i j , im i ( ii,,ii,,, ,, 

iiu(ilal"itiin ft* It,lint 1.11 I* f I 1 %u,\l U«- tin | , I M , 

iiiiumi r fii>m ulliit jilnit Hi ii lit ,liu |<\ ui I («(<]<'rfi i, f, / u t ,( sa,/I* 


S!» is 

w 

* n 

i ii/, i * 

5 X i , 



DIKEIO IIEXAMETIIYLENE 


463 


and as a phenol it may be acelylaled by boiling with acetic anhydnde 
to foim the acetyl cstei of A’-tcU ahydi o-phenol, bp l8o° to 181 0 

/-Diketo-lioxametliylene, cydohexane -1 4 -dione, tcti ahydi o-qmnone, 

C1I B -CII. 

CO< yCO, is obLaincd fiom suecinylo-succmic cstci (p 460) 

X CII 2 —CIl/ 

by hydiolysis and elimination of caibon dioxide It melts at 78 0 , 
and on 1 eduction yields qimutol /-Diketo-hexamethylene foims 
a dioxime, which in the piebencc of pyitdine ieact& with biominc 
in much the same mannei as acctoxime (p 153) to give p dibiomo- 
dinitioso - hcxamcthylcne, ON CBi(CII 2 CH 2 ) 2 CBi NO With 
chlomic the conesponding chloio-mtioso compound is foimcd 
Both of these halogen denvatives oeeui in two slcicoibometic foims, 
as lllustiatcd 111 the following foi inula. 1 

NOv /Cl NO^Cl 

NO^Cl CV ^NO 

m Poim /»(»« I'orm 

Up to the picscnt few aldehydes of this senes aic known Hexn 
hydro bonzaldohycloj C 0 II n GIIO, bp 159°, is obtained by the oxida¬ 
tion of he uihydi 0 bett y) alcohol, C 0 H n CII 2 OII Hexahydro ;^-toluio 
aldehyde, CII 8 C n II 10 CIIO, has been picpaied by tieating oitho- 
fotmic ester with metbylcyclohexyl magnesium bromide'’ It is a liquid 
of stiong odoui, bp 176° to 178° 

Hydio-aiomatic caiboxylic acids tesemble aliphatic acids 111 then 
pioperties Ihe following compounds of this type may be mentioned 

Hexahydro-benzoio aotd, C 0 TI n COOII, can be obtained by the 
leduction of bcn/oic acid, by the action of caibon dioxide on 
cyclohcxyl magnesium iodide, 3 and by a numbci of olhei methods 
It ciystalhses in pnsms, melts at 30° to 31 0 , boils at 233", and has a 
lancid odoui Numcious homologucs of this aeid ate known, which 
aie piobably isomenc with the natuial naphthenic a ads oecmnng in 
Caucasian peti oleum 

Quinio aoid, tetiahydi0 1 y-he 1 ahydio-ben^oicacid, ( 110 )^ 11 , COOII, 
is piesent in einchon.i baik, coffee beans, sugai bcel and othei souices 
The aeid picpaied fiom cinchona balk ib optically active and melts 
at 1C2 0 It is also known in an inactive foim On oxidation it is 
convetled into quinonc, and when heated with hydnodic acid gives 
benzoic acid With bciwoyl chlondc it yields diben^oylhydioqutnouc, 

Cgll/O COC„II 0 ) 2 , mp 199 0 

The hydro-phtlmlio aoide wcjtc caiefully examined by Bacyei 1 

1 Piloty Tnd Slcmboehf Bet t 190^, 8 t 5 , 3101 3 I bclntsohibibm. Bet » I904 t 8% 850 

3 Zchnksy, Bet , 1903, 2687 * I he tosults aie sumintuisecl in Bet t 1890, 29 , I 27 3 j 'uid 

Am t 1892, 289 , 176 
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m an attempt to detumine the constitution of ben/enc Although 
unsuccessful m this lespect, these aiduous investigations biought to 
light the existence of a numbei of isomet ides, since both stiuctuial 
lsomei ism and sleteoisomensm may occui among these compounds 
Thus the 1 eduction of phthalic acid has led to the isolation of 
eleven diffetent dihydto-phtItalic adds, C 0 H 0 (COOII) 2 > fout tettahydio- 
phthahe acids, C 0 H 8 (COOII) 2 , and two he\ahydio-phthalic acids, 
G 8 H 10 (COOII) 2 Several hydio - deilvativcs of terephthahe and 
isophthalic acids ate also known We aie dealing hcie with the 
same type of geometrical isomerism as was outlined in connection 
with quimtol (p 461), le as-tians isomcusm In then inteiconvci- 
sions the lsomei ides lecall the behavioui of ethylene denvatives, as 
is seen in the case of the hexahydi o-phthahe acids 


as Ilexahydro phthalic acid 

(m p 192') 



wufi HC 1 

-->- tians Ilexahydio phthalic acid 

(mp 215°) 

I A 



cts Anhydndc 
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txim Anhydndc 

(mp 140) 



■TERPENES AND CAMPHORS 


1 


lerpenes aie cyclic hydiocaibons of the foimula (C 6 H 8 ) n , and occui 
widely distubuted in natiue They aie the chief constituents of the 
“essential oils 11 obtained by distilling with steam the sap and tissues 
of ceitam plants—paiticulaily those of the comfeious and citius 
families Essential oils or cihetcal oils ptcpaicd in this way aie 
used 111 the pioduclion of pei fumes and m phaimacy Accompanying 
the teipenes arc also found oxygen dei lvativcs of the teipines (alcohols 
and ketones), which aie classed undci the name of campho>s, and cutain 
closely 1 elated open-chain alcohols and aldehydes known as olefmic 
teipme\ (cf p 145) Tei penes and essential oils have been the subject 
of many caieful and elaboiate investigations fiom 1884 omvaids, mote 
especially at the hands of O Wallach Even at the picscnl time, 
bowcvei, the constitution of compaiativcly few of the let penes has been 
established with ceiUinly 

Hydiocaibons of this gionp aie gcncially subdivided into hemi- 
te>penes, C 6 II 8 (see Isopienc, p 1x5), to penes, C 10 II 1U , sesgmtetpenes, 
G 16 II 21 , and dtteipencs lhe diffcient classes aie icadily distinguished 
by the maiked diffeicnees in boiling-point 

The tetpenes, C 10 II 10 , aie all unsatuiated hydiocaibons containing 

1 Compire O Wnlhcht lapnuund Canipha (l eip7ig,i909) Nairnal lapems^ J W BTker 
(Methuen j ^he Tt>penes ^ J L Simoneen (Camb Umv Prcus T 1931) 
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eithei one oi two ethylene bonds in the molecule, accoiding to which 
they aic again divided as follows — 

r Monocyolio torpenes, containing two double bonds These aie 
dihydio-cymcnes, and may thciefoic be icgaidcd as paitially reduced 
benzene denvativcs Included in this class ate lunoncnc (dipentene), 
sylvestiene, leipincnc and tcipinolcne Owing to the picsence of two 
double bonds they ate capable of adding on two 01 fout monovalent 
atoms 01 giottps 

2 Dioyolio terpones, containing one double bond in the molecule 
These ate built up of two ung systems, i g a combination of a 
hexamclhylcue with a letiamclhylcnc ung Compounds of this type 
aie pincnc, camphenc and fenchenc, each of which can unite with two 
monovalent atoms 01 gioups 

Camphois and othei teipenc denvatives can be classified in a 
similai mannci 

Accoiding to iceent woik, 1 the sesqultei’penes ate 1 elated to 
naphthalene in the same way as the lei penes to ben/enc Com- 
paialively little is known of the chcmisliy of this gioup 

Of the above compounds only the tel penes piopei can be healed 
with any detail in these pages 

Ptope> tui and Chemical Behaviout —Camphcne is a solid at 
oidinaiy tempeiattucs, but with this exception, the leipencs aic 
colouilcss, stiongly-iefi acting liquids, which boil between 150° and l8o n , 
aic insoluble in watei and volatilise icadily with steam, lhey aic 
chaiacleiiscd by a pleasant smell, and nian> of them aie optically active 
Ihcii natuie as unsatuiatcd compounds is shown by then addition 
leadions and tendency to polymelisc lhey unite with chloune, 
bionline, 3 and hydiogen halides to foiin halogcn-sulistituted compounds, 
which aic of intoicsL as being lntoimediate pioducls in the tiansfoima- 
Uon of tupenes into teipenc alcohols FuiLhoi, many tcipcnes add on 
N a 0 8 , NyOj, NOC 1 and NOUi to yield mtiosites, nitiosatcs, mtioso- 
chlondes ami mlioso-biomides (see p no) 

A numbci of the leipencs aie’ labile, icadily isomensing undci the 
infiucnco of acids, foi example, into a moie stable foim 

Anothei point of inleiest is the behavloui of the leipencs on 
oxidation In many eases this is effected even by almospheuc oxygen, 
with the pioduetion ol lesms I ho action of mild oxidising agents 
(iodine, dilute mtiic acid) fiequently leads to the foimatum of ben/enc 
denvativcs, 01 bleaks down the leipencs to known aliphatic compounds 
llm ptocess is often used in dcleimining then stiuetuic Encigclic 
oxidising agents, such as conccnlialed mine acid, gencially pioducc 
complete icsimfieation 

1 See Ru/irk 1 11ml co vioikcis, Uelv Clnm Ac/tt , 1Q21, 4 , 5 °S 1 1932 , B, 3jj, 369, 1924, 
* 7 , 8 } 8 Iheyci and Villigor have m idc nbe of oxliuusti\o bioininnCion ns a me ms of 

ilolcunimng ihc fltmUuie of tho cm bon ft imcuoik of mnny terpones 
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Monocyclic Terpenes and Oamphois 


Nomaiclatiu & 
denved 


--The majonty of the monocyclic let penes aic 
fiom /-cymcnc, and a few fiom ;//-cvmcnc Following a 


i 

C 
C 

cAc 


c 
c 


c 


8 



c 

o 


c 

10 


suggestion of Baeyei, the stiucluie of these compounds is 
expiessed by lcfcicncc to the salinated patent hydiocaibon, 
eg hexahydio-cymcne, the caibon atoms of which aic 
numbeied as m the annexed foimula The position of the 
double bond is indicated in the usual way (see p d5y). a 
double bond between the atoms 2 and 3 being shown by A" 

Hexahydi o-cymene, C 10 II 20 , commonly Known as men thane, 
is not found in natiue but may be picpaicd by i educing 
/-cymene with hydiogen and finely-divided nickel It boils 
at 170° 

Tetiahydio-cymcnes aietheiefoie desewbed as uicnthcucs, 
and dihydio-cymcnes as menthadtencs 


7 ei pens r 

Limonene, A 1 % -menthadiene , 


H 8 C C 





exists in dextro-, lawo- and inactive foims, as would be expected fiom 
the ptesence of an asymmetnc atom m the molecule 1 

rf-Limonene, also known as caivcne, citiene 01 hespendene, is the 
chief constituent of the oil of oiange and, chll oil and oil of cumin 
It occurs togethei with ptncnc in oil of lemons /-Limoneno is found 
with /-pinene m pme-needle oil, it may bo piepaied fiom caivone 01 
from perillaldehyde* Both foims of limoncnc ate liquids of boiling- 
point 175°, with a strong smell of lemons They yield ciystallme 
tetiabiomides, CjqHjqBij, nip i04°to 105°,which aic also distinguished 
by lotations of opposite sign Both hmonencs unite with mtiosyl 
chloride, 8 each fotming two compounds diffcang in specific lotation 
On ticatment with alkali these pait with hydiochlonc acid and aic 
ti ansformed into the oxime of caivone 

t -Xiimonene, diponteno, ctueue , is produced by mixing equal 
amounts of d- and /-hmonenes, and is found associated with cincol, 
Cu>H ib O, 111 oleum cmac It is foimed by the elimination of watei 
from teipmeol, and fiom pinene and camphene by heating at 250° to 
270 It smells of lemons, bods at I 7 S>° an d As tetiabiomidc melts 
at 124 0 Among its denvalivcs aie teipmeol, C in lI t NOII, terpm, 
C l0 H 18 (OH) 21 and cmeol, C 10 I-I j8 O 

1 F01 the constitution see T W, Semmler, Bet , 1900, 88, 1 ^7 
Bet , 1911, 52 * filden ind Shenstone,/ C S , 1875, 18 , 514 


11 Semmler and Zaar, 



TERPINOLENE, TERPINENES 


467 


Terpinolene, A 1 nthadiene. 


CH 

CH a 

CII 



is obtained when leipincol (p 469) is heated foi a shoil time with 
oxalic acid solution It boils at 183° to 185°, and on fmthci ticatmcnt 
with acids icadity yields tcipmcnc 

Terpinene, A 1 i -di/i)>d> o-cymene and A 1 1 -dthydi o-tymene , 1 


CH 


CH« C 





CII 


CH 

"^)C CII(CH B ) a 

cn a 


CH C IIj 

cn 9 c^ > ch(ch 8 ) s 

ch^ch 


is picscnt m catdamom oil and is optically inactive It smells like 
cymcnc and boils at 179 0 to 181 0 lei pinenc is fanned when 
dipcntenc 01 phcllandicne is boiled with dilute sulphiiiic acid, and is 
distinguished by its stability towaids nuncial acids Hence it is also 
obtained when Lei pin hydiale, eineol, tcipineol oi dihj'dto-cai veol aic 
healed with dilute sulpluuic aetd lupmcnc is conveniently picpaicd 
by shaking pinenc (oil of tuipenline) with eoncentiatcd sulpluuic acid 
It foims a nitiositc of melting-point 155°, but does not give definite 
addition pioduets with biomine 01 hydiogen halides Oidinaiy 
tei pinenc consists mainly of A 1 °-dthydio-cymene and contains also 
some A 1 4 -dihydio-cyment 

Sylvestreno, 2 C 10 ll 10 , bp 176°, is the Innonene of the ///-cymcnc 
sciics, and has been picpaicd Horn Swedish and Russian tuipentincs 
Simonson and Rao have shown that it does not occm natuially in 
these souiccs but is foimcd fiom the caicnc picscnt by secondaiy 
changes due to the ticatmcnt of the oils with hydiogen chloiidc 
(see p 473) 

Phellandveno, C 10 IT 10 , was fust isolated ftom watei-fennel ( Phellan - 
dnum aquaticuni) fiom which it takts its name It also occuis in 
olhei etheical oils and exists in d- and /-fat ms, ncithci of which has 
yet been obtained in the puic state With acids it veiy icadily 
undeigoes change 


Alcohols and Ketones 

Monthol, 3 -menthanoly is the odoious and chief constituent of oil 
of peppeimint, fiom which it may be sepaiated m the solid stale by 
cooling It melts at 43 0 , boils at 213 0 and is employed as an antiseptic 

1 Ilnrdcs and Bo , 1908, <11, 2516 Wnlhch, 4 mi » 1908, S6S, 293 Scnunlor, 

Bo , igo8 t {474 I* Richter and Woif^ Bet , 19271 477 a l<or synthesis see Pcrkm, 

Ptoc Ghent fioc , 1910, SO, 97 
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, .. . 0n reduction it yields hcxahydi o-cymene When 

and anmstheti concsponding ketone, mentlione, 

"l ' vhcl, Z .n o,l of peppemnt and oU» casont.al 

J, n,o co„,t,l„l,on of menthol end mothono ,s ahown by the 
convcision of the laltei into thymol as follows 
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Thymol 


Ow.no to the Mouldy of the cyclohexane ,m B , the lh.ee axymmel„c 
Vaiious pernnoti <■ y compounds have hufitly been established 

m ^ ftuo y w,„ ff >>. 

indicates the isopiopyl Rioup 
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w /,./ ( tt o ivists in two stucoisomcuc 

'J!orpin, , 'tydli *1^.1 of te.p.n, In,own ax 

(t/3- and Han a-) fun y J ol diptnlonc ih allowed to 

tetpin M>an i«i■ P“« lin , uy tcmpeiatuu in contact with dilute 

r:' “ Ta,;,n Inhale tamed horn «o,an,ol by l,oat- 

1 Ikf.Uummi oui, 9 os',^21! a(SICnl, raj 

Schwitr/ f lurt i 
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incnt with dilute sulphutic acid 
yields w-teipm 


On piolonged heating at ioo° it 
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in |> 156 158°, bp 263 26$' 


Perkin and Kay 1 have synthesised tcipin by U eating cyclohexanone- 
4 caiboxylic cstci with excess of methyl magnesium iodide, and have 
thus confii med its constitution 
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Oineol, of the annexed foimula, is an innei anhydndc of leipm, 
and occuis m many cthueal oils, such as oil of 
eucalyptus, woimsccd oil and losemaiy oil It 
is a liquid of boiling-point 176°, with a smell 
of camphoi When ticalcd with hydiochloiic 
acid in glacial acetic acid solution, it is 
conveited into dipcnlcnc dihydiochloride, 

CioIIisClj 

Tei’plneol, h^-menlhen~% 0 /, is a solid, m p 
35 °) and bp 219 0 IL is obtained fiom leipin 
hydi ale by ti eating it undei ceitam conditions 
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T C S, rgo7,01, 373 
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with dilute sulphuiic acid, when two molecules of watei aic lemoved 
as follows — 



H a C 
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Teipmcol 1 is picscnt in a numbci of essential oils and has an odoui 
of lilac Hence it is used in the manufaeluie of pci fumes When 
heated with potassium bisulphate it yields dipcntcnc, and with oxalic 
acid, tcipmolcne Caivaciol and caivone (see below) may he piepaied 
fioni the nitiosochlondc of tcipineol 

Among the ketones of this gioup aie monthono, aliuuty dLSenbed 
oil p 4G8, pipciilonc, pulegonc and caivone Buchu-camphoi is an 
example of a kclomc alcohol 

Pipeiitone, t^-mcniheu-^-onC) is an unsatuiated ketone found in the 
Afoim in a numbci of eucalyptus oils (II G Smith), especially in that 
of the Bioad-lcavcd Pcppeimml (h Divts) Moie lecently ae/-pipenlone 
has been isolated by Sun on sen fiom the essential oil of a Himalayan 
gi ass,yj ml) opopon Jw<v anuisa Pipci itonc has been eai efully investigated 
by Read and Ins co-woikeis and m his hands has pioved of gicsil value 
m establishing the con Aginations or the muithones, menthols and 
menlhylaimncs 1 On hydiogcnation it yields a mixluic of menthone 
and lsoincnthonc 

Puloffone, menthen-yone^ bp 2^1°, is picscnt m oil of 

pennyioyal I he kelo-gioup occupies a sinnlai position to that in 
monthono, into which compound pulegonc may be converted by 
hydiogcnation When supciheated with foimic aud oi watei, pulegonc 
Is hycholysed to 3-mtihyl-cyclohexanonc and acetone, fiom which its 
constitution is deduced ! On the othei hand, by the condensation 
of mcthyl-eyclohcxanonc with acetone, an isomciicic of pulegonc is 

obtained 1 

Pulegonc leads with hydtoxylamine in the noimal mannci to fonu 
an oxime, it also yields an addition pioduet in which hydtoxylaminc 
is attached to the unsatuiated linking, the gioup C-~C being convcilcd 
into CII—C NIIOII 

1 1 or uyuthosis. see I'01 km, / C & , 19080, 654, 1908, 08,1871 a t'oi » numm-iiy, see 
J Ruul, [SC,/, 1927, 4 , 0 , Lhtnt aiu! I ml, j> 87 J, where a tlelmled hihhogrnpliy will bo 
fomul ■ Wall idi, Bet , 1899, 82 , 3338 1 W ill ich, Anti , 1898, BOO, 267 
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Oavvono, A 0 a -me)ithadinie~2-one, foimcily known as caivol, exists 
like hmonenc in d- t l- and /-modifications //-Caivone is the odoious 
and chief constituent of can away oil It melts at 62°, and boils at 230° 
undei 755 mm and at 91 ’ undei S to 6 mm It icadily isomciises into 
caivaciol, the hydioxyl gioup of which has been shown to occupy the 
2-position This must also lie the position of the caibonyl gioup of 
caivone ihc double bond may be located fiorn the close iclationship 
existing between caivone and hmonenc, and has been established with 
ccilainty by the dcgtadation of caivone 
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Caivone on 1 eduction gives chhydio-caivcol, and finally tctiahydio- 
caivcol 01 cat vonmithol 

Undei the influence of stiong aqueous acids caivone adds on the 
elements of watci to the double bond m the side chain to foim a 
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carvone hydrate (hydioxy dihydiocarvone) At the same time pait of 
the caivonc is conveited into carvaciol 

Btiohu-camphor, dtospheno /, tP-mentheu-i-ol-%~one , C 10 I-I 10 O o , is pie- 
pared fiom an essential oil obtained fiom vanous kinds of the genus 
Barosma found in South Afuca It boils at 109° to iio° undei 10 mm 
pressure, and melts at 83° to 84 0 The constitution of this substance 
has been established by Scmmlei and McKenzie 1 One of the two 
oxygen atoms is contained in an alcoholic hydioxyl gioup, since the 
compound yields an acetate and a ben/oatc I he second is a ketomc 
oxygen atom, as Buchu-camphot foims a noimal oxime Hence the 
substance is a ketomc alcohol and has also been shown to he mono¬ 
cyclic and unsuluiated Oxidation with o/one leads to the pioduction 
of a-isoptopyUy-acctyl-«-butyiic acid, thus piovmg the stiucluie of 
that pail of the molecule shown m I below The anangcmenl of the 
remaining atoms is deduced fiom the induction of Buchu-camphot to 
the glycol, C^II^Oj, which on oxidation yields u~isopiopyl-« l -melhyl- 
adipic acid, thus showing the picscnce of a siv-mcmbctcd ting with 
methyl and l&opiopyl gioups m the paia-position to one anothei 
'Ilie disposition of the ketomc and hydioxyl gioups is now obvious 
luulhu, it follows that the double bond must be attached to the caibon 
atom linked to the methyl gioup, the position 2 3 being impossible 
Huchu camphoi theicfoic possesses the stiuctuie II 
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The synthesis of Buchu-camphoi has been effected by Scmmlei and 
McRen/ic {Joe at), slatting with hydioxymethylcnc-menthonc and 
oxidising this to the diketone, CjqIIkjO^ Ihe lattci may then be tians- 
foi tried in vai 1011s ways, eg with acids 01 alkalis, into Buehu-camphoi 
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I 3 et , 1906, 80 , 1158 See nlso Willnch *ind Weiascnbom, Am 1 192 f, 487 , 148 
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Dioyclio Terpenes and Camphors 

The most impoitant membei of this class is oidmaiy 01 Japanese 
camphoi Befoie discussing this compound m detail, howevei, the 
patent hydiocaibons of the alcohols and ketones will be considcied 
Just as many of the monocyclic tcipenes may be traced back to the 
satuiatcd hydiocaibon menlhanc, the dicyclic teipenes and then 
denvativcs may be lefened, accoiding to the type of "biidged-nng” 

piescnt, to one of the thice salinated hydiocaibons, caiane, pinanc and 
camphane 


CII 8 CH a CH S 



0 inno Pimnc Onmplnnc 


Dicyolio Terpenes 

CJarenes piobably occui moie widely in natuic than was foimetly 
supposed, but dining the punficalion of the essential oils with hydiogen 
chloiidc they become tiansfouncd into dipentene hydiochloude and 
sylvesticne dihydiochlonde by the opening of the cyclopiopane ling 
{Stnionsen *) 




474 


TERPENES AND CAMPHORS 


a -Pinene (I) is a common constituent of many cthcieal oils, and 
is especially abundant in the tin pen tine oih 1 obtained by distilling 
the lesmous exudations of pines and fiis Associated with it is found 
an isomeride, / 3 -pinene 01 nopineii© (II ) Although these compounds 
diffet in the position of the double bond, it is not possible to distinguish 
between them by means of simple addition icaclions, because in many 
cases they yield the same pioducls With hychogen chloi ule,foi example, 
each pinene gives the hydiochlonclo (III), and m the piesenec of dilute 
sulphuuc acid each is conveited into the same lei pin Indication of 
a difteience in stiuctuic is furnished by then bchaviom on oxidation 
with potassium peimanganatc, when «-pincne yields pinonic mid and 
nopinene gives noptnic acid Undci ceitain conditions «-pmenc is 
oxidised much moic leadily than nopmene by muciuic acetate 
/3 Pinene also foims meicuiy addition compounds which aic ltachly 
isolated 2 
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Pinene combines with two atoms of chloi nu oi Immune to fonn 
compounds which on heating bieak up into hydiogon lulule aiul 
/-eymene When diy hycUochlcnic acid gas is led into well cooled 
pinene, the pmcnc hydiochloiide fiisl founed isomeiises with gual 
iapidity into bomyl Utloiide (III), which sepal ales out as a ciyslalhno 
mass of melting-point 131° to 132 0 Owing to Us close lescmblancc 
to camphoi m smell and appeal ance, this substance is sometimes known 
as "aitificial camphoi ” In its foimation not only has addition of 
hydioehloricacid taken place, but thc ,, pinano budge” has simultaneously 
been changed into the “camphanc budge” 

This is confii mod by the fact that when the magnesium compountl 
of the hydiochloudc is lieated with oxygen, and the icsidling 

1 Turpentine resin exude3 m comitlcnble (pnmliUcs from lirn, jmuo mul oilier coniferB when 
incisions ire mido m the birk of the tiec lly disltlliiion m iilonm the leiim is sop tilled mlu 
vohtile turpentine oil ind non rohtilc rolo)>1ionlmn (tostii) liupuuinu oil of comincrco is i 
colourless liquid of sp gr o 85 to 0 ()t mid is not 11 homogeneous prmlm t, it boils over ti ringc of 
about 155 0 to 165° 1 ho oils obtained from dilfctcnl immiilci I*icncli, Kuiemn, Anicnc 111, 

Venetian, etc—show varying optical rolitory power Ameiu in oil of luipmtmo is usually of 
“ + 1 1 (Whereas the hronch oil is af - 30 to (o' turpentine Is an excellent solvent 
for resins and is largely used in the propunlioti of varnishes ind lucquuJ The United Slues 
produces yearly immense quintitics of turpentine md rosm Oil of turpentine nluoihs oxygen 
m atr, becoming thick and finally resinifymg the ibuorhcd oxygen is ihoicby 'utivitcil (I'ngler 
and Weissberg, Bet , 1898, 81, 30 (6) 

Bosin consists of various mollifications of the anhydt iilfu/sy/vu. nciri(tiitthc nett!, C- sa II M C) u ') 
and is extensively employed in the mnniifuelure of varnishes, rosin snips, main oils, and for 
sizing paper, etc 11 J Gnsopoulos, />V 1 , 192O, 69, 2181 
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pioducl, C 10 U 17 OMgCl, decomposed with dilute acids, an almost 
theoictical yield of boincol (see V) is obtained 1 
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The piesence of a letiamethylenc ling in pmene is suppoited by 
the constitution of its oxidation pioducts, pinonic acid and pime acid, 
as well as by its synthesis 2 When heated, pinene yields dipentene 
(togethci with isopicne, etc) Othei changes aie shown in the table 
on p 483 

Pmene exists in one optically inactive and two active fotms 
d Pinene can be isolated by the fi actional distillation of Amencan oil 
of tuipentinc, and /-pinene fiom Ficnch tuipcntme Inactive pinene 
is obtained by the action of aniline on active pinene nitioso ehlondc, 
m p 103° (obtained fiom nitiosyl chlondc and pmene), 8 when the 
nitiosyl chlondc is again lcmovcd 

Oamphene, C 10 II 10 , is a solid tcipene found as the </-foim 111 gtngei, 
loscmaiy and spiUc oils, and as the /-foim in eitionella and valcnan 
oils It is piodueed fiom boinyl chlondc by lcmoving hydtogen 
chlonde with sodium acetate and glacial acetic acid at 200", 01 by 
wanning with aniline I he constitution of camphcne lias given use 
to much discussion, but may now be icgatdcd as settled in accoidancc 
with foimula VI 

Camphcne is a solid, melting at about go 0 , with a smell of tuipentinc 
and camphoi When oxidised with chiomic acid it yields camphot If 
hydtogen chloride is passed into an ethcieal solution of camphene Iheic 
is foimcd tamphene hydiochlondc (VII), rap 125" to 127" This veiy 
readily isomcuscs into isobomyl chlonde 1 (VIII 01 Vlll^r), mp 161 0 
The lattei is stiuctuially identical with the boinyl chlonde obtained 
fiom pinene, and the diffeiencc between them can only be explained 
on the basis of sleieoisomcrism due to the position (cts oi flans') 
assumed by the chlounc atom with lcspcct to the (CII 8 )C<; budge 
(see Vllh? and IX s ) Recently it has been shown that camphene 
hydiochlonde, isobomyl chlonde and bornyl chlonde exist in a state of 
equilibrium with one another, when in the fused state 01 in solution 0 

1 A Hesse, lit > , 190G, 00, 1127 J Iloubon, Ihi , 1905, S3, 3801 , 80 , 1/00 fl Ruzidca 
md Ircbler, IIth (him Ar/a, 1921, 4 , 666 ’’ In the piepar Uion oi pmene mtroso chloride, 

n product of melting-pamt is ohlitmcd wlien ilcoliolic hydrochloric mid is used in phee 

of conceit tinted upteous odd Ruriclcit itnd 11 oblor, ll eh Chun left 1,1920,8,756 4 Mcerwem 

nnd vm I'mslci, lift , njzo, 68, 1821 6 I'ormuH VIII a is idenlicol with VIII 0 Meeiwem 

and vm limstcr, Bet , 1923, 66, 3500 
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Conesponding to boinyl and isoboinyl cblondes aie the two stereo- 
lsomeric secondaiy alcohols bonieol (foimula V, p 475) and tsobonml 
Borneol can be obtained m consideiable propoition from both of the 
above chlorides by way of the magnesium compounds, but cam phene 
hydrochlonde yields a laiger piopoilton of isoborncol 1 
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As may be seen horn its foimula, cam phene is not idated ducclly to camplnnc, 
An imsatumtcd denvative of oamphanc is bo>nylcm (see below), which may 
be piepared by ticaling boinyl iodide with alkalis Ihe stiucuncs assigned to 
ramphenc and bomylene ate continued by then icu lions with duvo acetic ostci 
With imsatumtcd compounds this cstci noimally yields nitiogcn and a cyclopiopane 
deuvative, foimed by union of the icsidue *>Cll COOM with the two C atoms of 
the double bond Camphcne should thus give a sUutUue 

) '"All COOl i } 
UI/ 

which on oxidation should yield a i I 2 tuc uboxylic uad of cyclopropane 
Similaily bomylene should yield a 1 2 3 Uicaiboxyhc acid Jlolh of these changes 
have been found to take place J 


Oampliane, C 10 1 I 1R , is dihydio-bornylcnc, since it is fotmed by the 
hydrogenation of bomylene t 
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Camplntic (tliliydro 1,'ornylcne) 


1 A IIobbo, Her , igoG, 80 , itjG I* or the convcision of hoi neol or isoborncol into cnmphenc, 

sec Lipp, Ha , 1920, B 3 , /Gy L IUicImu uul Wcig-uid, Bn , 1913, 40 , 258, 2013 
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whereas (tunphono coucsponds to isocamphanc 1 
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Di hydro canipliene (isocamphane ) 


( amphano is obtained flora the boinyl chloude and isoboinyl 
ihlmldi allo.uly dostlilicd Both of these are leadily conveited into 
the magiusimn compounds, which oil decomposition with watei yield 
i atiipliaiK 1 Iht latlu mUls at 153°, boils at 160°, and very readily 
Mililitno 1 ( .unpham is also pioduccd horn boincol when the hydioxyl 
).p * nip 1. t< plaud lty lodnu, and the icsullmg boinyl iodide is teduced 
II 11 oplii all) r inactive and thus possesses a symmetrical stnictme 


Alcohols and Itetonee 

Bornool, Bovnoo camphor, camp hoi ■, C l0 II 17 OH (formula V, 
p null t at ’03 and boils at 212" It exists m natuie m the 

t ( 1 1 , and / 1 m m. d -Itonn'oi is found in a ticc, Dryobalanops camphor a. 
Ip owing m Somalia and Borneo, and also in loscmaiy and spike oils , 

/ !iui m ol and tin* mmUvo v.uiely occui in valcimn oil The foimation 
o( Inn mol limn pinom and (.imphcnc hydiochloudcs has aheady 
lit t n dt a uhetl It n 1 elated to oidmaiy camphoi as a secondary 
ahnlinl In tin 101 losponding kolone, and hence may be convened into 
, .tmplini hj ovidalioii with mint and 01 picpaiccl from it by 1 eduction 
wilh •tnilmm and ukohol Boincol icsembles camphoi m smell and 
Inn muji ta ill Win n win me d with potassium bisulphate it parts with 
w.tlii and yu Id 1 uimpluiu* It has aheady been mentioned that 
|,mu\l * blonde is uluitual with “pmono hydiochlondo" Isodot mol, 

hi p »t » , is u <iUmoistunoiidc of boincol, it may bo obtained in t e 
ill, III o| ||>1 ati'ltili' by wa 1 in mg uimphcne with glacial acetic acid and 
1 oiu t nil.il< d sulpluna and at 50 to Go° If woboinerf dissolved in 

,0 lit ntid with Hodium.il is tiansfoimcd into borneol With 
oxidising agddH suth as pi 1 manganatc, o/onc, chlorine 01 oxides o 

mtioi'i 11 it Is m adily * ouvi'iled into camphor 

aLu.hor, Japnnoao camphor, C,„It B 0 , has u.U .1 .cccntly boon 
nlilatm il 1 \( li.amly A.mi the camphoi w, if« 

' tin* w ml ii healed with watei, when camphoi and camphor 
!"1 '.„ 1W with the death Ihc vapoms am condensed in a 

. 1 i.aai, .a mu Hindi I* m» ■ «£ f" " ta “* 

„„l .. tin. au.il • A iu > - 80 - 1,38 
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suitable mannet and the camphoi is lcmoved and puufied by 
sublimation It forms a colouiless, tianspaicnt mass of chatacletislic 
smell and burning taste, inp 175 ° and bp 209° In alcoholic solution 
it is dcxti01 otatoiy The woild’s consumption of camphoi is con- 
sideiablc, since it is used m the manufactuic of celluloid, explosives 
and pci fumes, and also in medicine F01 this leason the lndustnal 
ptcpaiation of camphoi fiom pincnc (p 480) is of gieat impotlance 
With the exception of that used foi theiapculic puiposes, the demand 
for camphoi in Gcunany is almost entnely met by the aitificially 
picpared pioducL 

{-Camphoi , the optical antipode of cZ-camphoi, occins in the oil 
of Mattuana parthemum, and apait fiom the sign of its lolation, 
shows the same piopeitics as oidinaiy camphoi By mixing the 
two antipodes, ? camphoi, mp 178°, is obtained, identical with that 
ptoduced by the oxidation of ^bomeol 01 /-camphenc 

Constitution of Camphoi —I he fust suggestion as to the constitution 
of camphoi was advanced in 1859 by Bcithelot, and foi the next 
foity yea is numcious woikcis weic engaged on the pioblcm 
Infoimalion has been gamed chiefly by the degiadalton of the 
camphoi molecule by oxidation, and a senes of detailed investigations 
on these, lints finally led Biedl 1 to pul foiwaul a constitution 
(foimula X) which is now gcncially accepted as cottccl 
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I he oxidation of camphoi with niUic acid leads to the foimation 
of camphonc acid, Cj/I^Oj, camphamc aud, Ck/I^Oj, and camphoi outc 
acid, C^ITjiO,), as chief pioducts These thiee acids lcpicscnl diffeicnl 
stages of oxidation, ancl camphoi onic acid itself may be obtained by 
the continued oxidation of either of the othci two 


1 Brcilt, Bet , 1893, S 3 , 30^ , 27 , 2092 , 2S, 316 Ann , 189C, 203 , 55 , 290 , 131 See -ilso 
I ^pwottli, li A Rep , 1900, 299 
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Two facts established by Bicdt aie of special significance in 
connection with the constitution of camphoiomc acid It is a tubasic 
acicl which lcsembles tucaiballylic acid m its piopeities On slow 
oxidation it bieaks up mainly to foim eaibon dioxide, isobutyiic acid 
and ti an ethyl-succinic acid Fiom this behavioui Biedt concluded 
that camphoiomc acid was tnmethyl tucaiballylic acid, a view 
confiimcd latei by its synthesis by Pei km and llioipe 1 


(CH a )„ C CO 
CII, lie CO 

runic thy 1 succinic 
unhydiide 



'(CII B ) 2 C—COOII 
CII 3 —C—COOII 
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II 2 C—COOH 

C uuphoronii acid 


O 1 2(CIIj) a CII COgll I IIgO + 2CO a + C 

Isobutyric acid 


Since camphoiomc acid is an oxidation pioduct of camphamc 
acid, camphouc acid and camphoi, it may be concluded that the 
caibon fiame-woik of camphorome acid is piesenl 111 each of these 
compounds, thus leading to the foimul.u shown above lumcthyl- 
succimc acid has also been picpaicd dnectly fiom camphouc acid by 
oxidation with chiomic acid Ihc constitution of camphouc acid has 
in addition been confumcd synthetically (see below) 

UiL ketome chaiactci of camphoi is piovcd by the foimation of 
an oxime, C 0 II 1( , C NOII (in p 118 0 , bp 249 0 ), and the position of 
the CO-gioup is shown by the convusion of camphoi into caivactol, 
C 10 IIi,O (sec p 413), on boiling with iodine In the lattei compound 
the hydioxyl is m the oitho-position to a methyl gioup lhe piesence 
of the gioup C lT a CO in camphoi follows fiom the pioduction of 
isoinliow- camp fun (m p 153") on li catmint with amyl nilntc and 
soflium aleoholalc When this substance is boiled with dilute sulphtmc 
acid it yields camphoi -qmnone (m p 198°) 
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Among othei leactions camphoi yields /-cymene by loss of watci 
when it is heated with l 5 g G 6 

Synthesis of Camphoi —'lhe most convincing pi oof of Biedt's 
founula foi camphoi is piovided by Kornmpa’s synthesis 2 of camphouc 
acid, fiom which camphoi itself had pieviously been obtained 0 The 


1 / C i, 1897, 71 , 1169 9 Kommp'i, Ami, 1909, 808 , 126, 870 , 209 J BrccU and 

Rosenberg, Ann , 1896, 280 , 1 
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method employed was as follows The dimethyl estei of j(3/3-dimethyl- 
glutanc acid (XV) was condensed with oxalic estei (XIV) to give 
diketo-apocamphoric estei (XVI) From this, by ticatment with 
metallic sodium and methylation with methyl iodide, was obtained 
dilceto camphoric ester (XVII), which by way of vauous lnlcimediale 
compounds was i educed to r -camphoric acid (XVIII ), m p 200° to 202° 
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Camphoric anhydiide, when tieated with sodium amalgam, can 
also be converted into the lactone, camphohde (XIX ), which with 
potassium cyanide yields the nitrile of homocamphotic acid (XX) 
The calcium salt of the laltei, on distillation, finally gives the 
corresponding ketone, camphoi (XXII) 
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Anothei synthesis of camphoric acid has been effected by Pei km 
and Thoipe 1 

Camphoi is now piepaied industrially fiom pinene The latter 
can be conveited in a variety of ways into bomeol oi lsoboineol 
(eg } pinene —>- boinyl chlonde —y isoboinyl acetate —y isoboineol) 

1 J c s > 1906, 89 ,79$ 
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and thence by oxidation into camphoi The name "aitificial camphoi ” 
as applied to bomyl chloride is nnfoitunate 

Contimy to the eaihei view, the compound Known as tsouxmpho) 
is now found to possess an entuely diffeient sliuctuic to that of 
camphoi 1 It contains a five-membeicd ung and is a AM-acetyl- 
lsopiopyl-cyclopenlenc of the foimula 

ii 2 c -cn 0 

CIT a CO—C—CII—CII—CII(CII B ) a 


Othei ketome denvatives of the dicyclic tcipenes aie fenchone and 
caionc 


Fenohone, 2 m p, 5 0 , bp 192 0 to 194 0 , is veiy sinmlai to camphor 
in its behavioiu It is found as the d cnanliomoiph in fennel oil, and 
as the /-compound in thuja oil 
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Oai’one (bp ioo°/i5 mm) is a lectone dcnved fiom the unknown 
hydtoc.ubon, caianc It docs not occui natuially but can be picpatcd 
fiom caivone 

Sesquiterpenes and Ditoi’penes 

Considerable piogiess has been made duimg the last few ycais in 
the investigation of highei tci penes, especially the scsqmtei penes 

Sasqultei'penos inelude hydiocaibons of the foimula t J6 H 81 and 
then oxygen denvatives, and aie found widely distiibuted in essential 
oils Some of the membeisof this gioup aie open-olialn compounds 
(/hi nesoi) t othei s aie mono cyclic (baabofene, Luigibiu oie) and still olhcis 
dloyolio (iaduit’ite> at da,) no!) Much of 0111 knowledge of these com¬ 
pounds is due to Ru/ieka 8 1 he lelationships among the scsquitcipenes 
may be lUustiated by the conveision of the open-chain alcohol fmnesol 
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1 Wnllach nnd Schhibach, Am t igt2 t SD^ 69 J Wiillach, Am t 1909, 80D, 63 0 See 

I Rii/ickn t Vba Komhiution uml dmamtmnlhuige tn da Sesqmtapan tiht (Beilnij 1928) 
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by loss of water into the dicyclic hydiocaibon cadinenc By fusion 
with sulphui (Vei esteiberg’s dehydiogenalion method) the lattei has 
been conveited into cadalene, i 6-d 1 mcthyl-4"-'‘’Opi opy 1-naphtlialcne, 
thus giving valuable mfoi mation as to its stiuctuie 

Among monocyclic sesquiteipenes may be mentioned bisabolene (fiom 

oil of lemons) and its isomeiide &mgibetene (m oil of gingei) The 
former maybe obtained fiom fai nesol by gentle wai ming with sti ong acids 
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The dtcychc sesquiterpenes ate ielated to naphthalene in much the 
same mannei as the teipenes aie to benzene, some (eg cadtnene , m oil 
of cubebs) being deuved fiom cadalene,otheis (c g cudesniol , in eucalyptus 
oil) from eudalene, i-melhyl-7~ 1S0 P* °pyl naphthalene, and similai types 
Santonin , C 15 H 18 0 3) m p 170°, [r/] p - - 17 A « the active constituent 
of wormseed ( Artemisia Santomcd) CIcmo and Ilawoith* have shown 
that it possesses the annexed foimula, a modification of an caiher 
suggestion of Canni?7aio It is thus a lactone closely 1 elated to the 
eudesmol group of tei penes 
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Compaiatively little is known about the diterpeneBj C co II aa( which 
occur chiefly in vegetable lesms and balsams The best known 
representative is the caiboxylic compound, abietic acid, (C ?0 II 3() O 3 ), 
which foims the chief constituent of oidinaiy losin (colophonmm) 
On being heated with sulphui abietic acid yields letene, i-mcthyl-7- 
isopi opyl-phenanthrene 

Squalene , 2 C 80 H BO) is an open-chain dihydro triterpene obtained 
fiom the livers of certain fish 


1 G R CIcmo, R D Haworth and E Walton,^ C $ t 19S0, 989 , 1980 t mo CIcmo 
and Hawoith,y C 1930, 2579 The above constitution is also adopted by Rii7icka, IIeh 
Chim Acfai 1930, 18, 1117 2 Heilbron and co-workcrs, J C S t 1920, 1630, 3131 , 1929, 

873. 883 
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Isoprene and Tei'pene Struoture 


Up to the piesent, all teipenes of known constitution, vvhcthci 
simple or complex, open-chain 01 cyclic, have been found to possess 
a moleculai stiucLure built up of a complete numbei of isopicnc units 
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This relationship possibly indicates a common oiigm m the foim 
of some reactive 5-caibon compound such as isovalualdehyde, 
(CH 3 ) a CH CI*I 2 CHO, oi of simplei pioducts which may give use 
to it, a speculation which is suppoilcd by the occunence of isovalei- 
aldehyde (and of acetone and acetaldehyde) m a numbei of essential 
oils It has been suggested that these substances by condensation and 
1 eduction may give use to citial 01 geianiol and thus to vanous moic 
complex derivatives 1 


STEROLS AND BILEI AO IDS 

Cholesterol, C 27 H ts O 11, an unsatuialed alcohol, is widely distnbutcd 
in the human oiganism, and was fiisL discovcicd m gallstones In 
addition to the "typical choleslciol, M a number of tsomendes have been 
found (in cow’s milk, eggs and the biain of hoises) which closely 
resemble it in piopeities Fiom the physiological standpoint it is 
interesting to note that the typical cholesteiol ncvci occuis in plants, 
in which its place is taken by phytostool The steiols ate theicfoic 
extensively distributed m living natuic, and may be lcgaidcd as 
fundamental cell-constituents which aic piescnt in evety cell capable 
of evolution Cholesterol is insoluble in watci and only dissolves with 
difficulty m petioleum ethei, alcohol, and acetone It is readily soluble 
m carbon bisulphide, benzene and ether Fiom the latter it ciyslalhses 
in needles, rap 148 5° 

Ergosfcerol, C 27 H 41 OH, is a still moic unsatuialed alcohol which may 
be obtained from either eigot (p 669) 01 yeast When madialcd with 
ultra-violet light or sunlight it yields a pioducl possessing a powciful 
anti-rachitic (anti - rickets) action, this is pi obably identical with 
vitamin D 2 

1 Compire Kremers,y Btol Cheat , 1922, BO, 31 I Rend, “Some Biogenetio Relationships 
in the Menthone Series," J SC/, 1939, 48 ( C/tem and hid ), p 786 * Rosenheim mid 
WhkHus, Bwchem J, 1937,21, 127, 389 
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During iccent yeais the stiuctuie of cholesterol has been investigated 
in detail, moie paiticulaily by Wmdaus 1 It may be lcpiesented 
piovisionally by foimula I 
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In deteimining the stuiclme of complex natuial pioducls successful 
use has lately been made of dehydrogenation piocesse ? Foi example, 
sulphui at high lempcialutcs lemovcs liychogen fiom hydio-aiomatic 
systems, leading in many cases to the foimation of well-defined aiomatic. 
compounds (see also p 482, foi the conveision of abietic acid into 
letene) Disadvantages of the stilphui method aic that sulphui may 
entci into the molcutlc of the compound undci ticatment 01 bung 
about fai-leaching caibomsation These disadvantages aic so sltongly 
maikod m the case of cholesterol that no lcsnlts of value can be 
obtained On the othei hand, cholcstciol and its denvativcs may be 
dehydiogenated compaiatively smoothly by means of selenium , 2 which 
leads in a similar mannu to sulphui buL less eneigetically The use 
of selenium foi this puipose appeals to be of gcneial application 

A point of gieat biological inletest is the close lelationship of the 
slciols to othei classes of natuial pioducls, such as the bile acids 
and vitamins , and piobably also to the vegetable poisons of the 
saponin gioup and the poisonous scctclion fiom the skin of the 
toad 

The bile adds picscnt in the bile pass into the intestine and thcic 
piomolc the en/yinic disiuption of fats They occui to some extent 
m peptide union with glycine and lauiine (see p 241) Cholic acid, 
C E3 II 80 (OII) B COOII, was isolated by Sticclcu (1848) fiom ox-gail in the 
foi m of glycatholic acid and tauiothohc acid Ilammaisten isolated 
dcoxycholtc acid, C'^IIg^OII^COOII, fiom bile in its natuial state 
paned with taiiune and glycine lie also showed that cholic acid 
occui 1 ed in the bile of minacious veitebiatcs A thud monocai boxy lie 
acid, hthochohc acid, C 2 ,jII b 8 (OII)COOII, containing less oxygen was 
discoveicd in 1911 by Hans Fischei 111 the gallstones of cattle, and 

1 A Wmdmia, Be> , 1927, BO, 133, Zetl ptf physiol C/tem , 1923, 130 , 113. II Wichiul 
and co WorkciB, /at fm physiol Chun, 1926, 101, 80, O DicIb mid Gitdkc, Be> , I9 2 7> 00, 
ij.o, Ann, 1927, 4G0, 1 J O Dloln and A KnrsleuB, Bet , 192?! 00, 2323, 
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intioilui me. alUyl pinup t mitt tIn lun/int tun h it * mm> *il «» In 
emplnyi <t fm the intiitihn lion ol pin m I, Ittii/^l mu! nliui .tO'in.ilu 
piouits In ihi'i way i ompomul'i me (miiiumI i uiil.uiiiiip lnn/»m inn I* i 
linked iopelht l ilneitly, oi thiouph the mi duiiii ol mu tu molt t iilum 
atom h Iho sunpU si < s.impli s oi this Kind nu in the dipht n> I pioiip 

1 DIPIIEINYL GROUP 

Dlphonyl, plttnvl inn tw, („ll h („ll 6 , the p.mnl hydn+i .tihoii t*l 
this senes, is funned whin Iteii/ine v.ipom is p.i.sid ilnotiph a nil hot 
lube. Il is hi st piep.ued by Vllnutnn 'i mt lliod, iti wlmb intlobi ii/i m 
is healed lo 2.S)' with fine ly-dividtd t oppu 

ar (1 n n r i *<’u (*n, (,.n A kVj 

1 WiitiliuiH mill Ntuluithtit, ha , njiy, B'l U, njij J l..»ti] ttr 1| Mtebu 1, /he i fumu 
ilti (laflenutut/n, Ntihtl 1 11 lure, tklmml ni ‘■a.hklu.ltti, bcnml^r n^tl nl i /flit fa f 

angtm Limn , -la, jn 
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Ilm process recalls Filtig’s synthesis, but is of far gieatei geneial 
utility It can be. applied successfully to a vanety of substitution 
pi ootid's of lodobenzene, with the pioduction of symmetneal diphenyl 
< louvatives 1 In the majonty of cases the leaction between copper and 
tnc. uxlo-compound pioceeds at 2io° to 220°, and the constitution of 
Llie synthetic pioduct can be deduced dnectly fiom that of its 

ooinpononts 

Diphenyl ij, also found in coal tai It forms colouiless ciystals 
which melt at 70°, boil at 254°, and ate icadily soluble in alcohol and 
t~L hu W ith ozone it yields a tet> a-ovonide 

Ihe position of substituents in the diphenyl molecule is usually 
indicated by numbeis as in foimula I With two 01 moic substituents 
it will be seen that thcic ate numeious possibilities of isomensm 

I II m * 

11 addition, isomensm of a new type may occui when three 01 foui 
of the 01 Lho-positions to the common bond joining the benzene nuclei 
t Li < substituted as in II (X and Z may also be identical) This isomensm 
in discussed fully on p 44 

Z X 



Bonasicline, 4 4' diammo-(hp]u,nyl i NII a C 0 IIj C c II 4 NII 2 , is obtained 
ns doMi ihed on p 392 by intiamoleculai lcauangemcnt of hychazo- 
lu*n/«iu\ Ill Us technical picpaialion nitiobenzenc is 1 educed with 
xin< dust and sodium hydioxidc, and the hydia/o-bcn/enc so foimed Is 
t*o nve 1 tec I into bcsi/idinc by heating with acid The compound may 
t ithe 1 lie isolated as the fiec base by addition of sodium hydioxide, 
t»i as the spaungly soluble sulphate Bcn/idine ciystallises fiom hot 
w.iUn 111 leaflets, nip 122°, and is laigely used in the manufacliuc of 
snhsl.iiitive a/o-dyes (sec p 40 0 et seq ) The snlphomc acuis obtained 
t>y the action of concentintcd sulphuiic acid on benzidine aie employed 
foi the same put pose 


U'olltUno <1 ), m p 128°, is a lioniologuc of benzidine and is piepnred in a similar 
innnnii Irom o mliotoluene, 0 manloldlno (II) is obtained fiom 0 mtroatmolc, 
<,uD,(NO,)OCII, 




III 


/CU 3 

/Oil 

c 0 n a < . 

\N,-c 0 n a < 

sCOONa 

/CI I, 



/OIL 

Nn-c^ii/ 


V w \ 

\COONi 


llie Ittsl of those, on dia/olisation and coupling with a 01 ft napthylammc 
i,u I phonic acids, yields the bon/o puipuiinos (B, 413 ,6B) I hose aie icd substantive 

1 Cowpuo Ullminn, Am , 1905, 883 , 38 
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dyes, and are less sensitive to acids than Congo led Fiona dia/otised benzidine 
or tolidine and salicylic acid aie obtained yellow substantive dyes known as 
ohryaamlneB {eg, compound III) Dtamuu, blacl is picpued by coupling 
diazotised ben/idine 01 dmntsidine with annnonaphtliol sulphonic acid G (2 8 6) 
in alkaline solution 

Hexahydroxy-diplienyl, (IIO) a C fl II 2 C 0 II 2 (OII) a , ciystallises fiom 
hot water in colouiless needles, which daikon above 200° and then 
gradually melt with decomposition It is fanned when pyrogallol 
dissolved in aqueous baryta is oxidised in an A second hcxahydioxy- 
diphenyl can be obtained ftom coeiulignon Coevulignon 01 adntet , 
C 10 H 10 O, is a bluish-violet powdci obtained duiing the puiificalion of 
ciude wood vinegar with potassium biclu ornate It is legal (led as a 
tetramethoxy-diphenoquinone (II), a view confiimcd by its synthesis 
by A W Hofmann, by oxidation of the pyiogallol dimethyl elhei 
occurung in beech tai Since this (thei had been piovcd 1 to possess 
the structure I, coerulignon must be w11M.cn as II 



On reduction coeiulignon yields hydno-ooerulignon, which is lepicsenlcd 
as a tetiamethyl cthei of hexahydioxy-diphenyl It melts at 190", and 
on heating with concenliated hydiochlouc acid is convened into a 
hexahydtoxy-diphenyl, diffcnng fiom that obteuned by oxidation of 
pyrogallol 

Other diphenoquinones 01 coeiulignonshave been propaieel by Auwci s, a 
who has shown the close relationship existing between these compounds 


and the methylene-quinoncs , 



which play an 


important i 61 e as the patent substances of many dye-stuffs, and as 
intermediate pioductsin the tiansformations of pscudophcnols Ihese 
two classes resemble one anothci in chemical bchavioui, pailiculaily in 
their stiong additive propel ties 

Diphenyl-z-carboxyhc aetd , m p in 0 , is obtained by fusing Jluotcuone 
(P 493 ) with potassium hydi oxide 


CO 

c 0 n^~ c 0 ii,+ icon 


- CjIIj—C 0 II, cook 


On tteatment with stiong sulphuric acid it loses water to give 

Herzig and Poliak, Manal f Chent , IQ041 28 , Joi 9 Auwers and MnrkovitB, Bo , 1905, 
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fluorenone A similai img closuie is undcigone by the acid chloride 
on distillation 1 



The acid chlonde of 2 '-methoxy-diphe nyl- 2 -catboxyhc acid loses 
methyl chlonde spontaneously at oidinaiy tempeiatuies to foim the 
lactone of the 2 # -hydioxy acid 8 



COC1 OCII, CO O 


Those inactions aic piomolcd by the pioxumty of the substituents 
m the 2 2'-positions (sec also isomei ism of diphenyl del lvatives, p 44) 
Diphonio acid, diphenyl- 2 2 '-dual boxy he acid, is obtained by 

oxidising phenanthiaqumone with a mixtuie of potassium bichiomate 
and sulphuuc acid This icaction has given valuable information as 
to the constitution of phenanthicnc 

O C_C 0 IIOOC COOH 

/ \ OxichLton [ 

<13—CZ> —* C3-<3> 

l > hcn'uuhni|umuno Diphenic acid 

In the same mannei substituted diphenic acids may be picpaied fiotn 
substituted phenanthi aquinoncs 4 

Anothci method of piepaimg diphenic acid is by the action of an 
ammomacal solution of cupious oxide on dia/otiscd anthianilic acid 1 
Diphenic acid melts at 229 0 When heated with soda lime it yields 
diphenyl, and on stiong oxidation is converted into phlhahc acid 

A numbei of hydiocaibons built up of a senes of benzene lings 
linked logelhet in the /-positions have iccently been piepaicd 
Terphonyl, p diphcnyl-ben%cne , m p 210°, was obtained by the inteiaction 
of a/oben/one, licn/uic, hydiogen chlonde and aluminium chlonde 
An intei mediate pioduct in the pioccss is ammo diphenylben»ene, which 
was dcaminated in the usual way (p 394) 



By conveiUng the amino- into the conesponding lodo-compound and 

1 C Gracbo nnd Riitcinu, Ann , 1894, 2 ?J 0 , 261 a II G Rule nnd E Brclaclicr, / C S, 
102 V, 925 J SchmitU mid co woikers, Bet , 1903, 80, 3729 , 8V, 3551. 1 Vorlllndor and 

Mcyci, Ann , 1902, 820, 122 
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diphenyl-methane and fluorene groups 


heating the latter with stlvei powder at 330° ( UUmann's method) 
B^inhenvl m o 475°, was prepaied 1 These aie colourless hydiocaibons 

which sublime well below their melting-points 



\_/ 
/ \ 
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GROUPS 


Diphenyl-methane, bzH/->yl~haC7ic^ Cgllg dig Foims needles, 

mp 26 ° and bp 262 °, and has an odoui of oianges It may be 

obtained by the following methods — 

1 By the action of benzyl chloiide, 01 of methylene chloride, on 

benzene m the presence of aluminium chloudc 

^nni - 2IIOI 

C e H fi CHgCl + II C fl II 6 -->• C fl II fi CIL C 0 II r , - aC 0 II B II I CII a Ci s 

Various substitution pioducts of benzene may also be employed (eg 
homologues, phenols, teitiaiy amines), leading to the foimaUon of 

ring-substituted diphenyl-methanes 

2 By the condensation of benzyl alcohol with bcn/cnc under the 

influence of concentiated sulphuuc acid 


CjHg CllgOII + IIC B IIg Cgllf, Cllg Cflllg 1 HgO 

Homologues of diphenyl-methane containing substituents in the 
methylene gioup aie obtained in a similat mannci by condensing 
aliphatic aldehydes 01 ketones with bcn/cnc, eg 

CH 8 CIIO + 2110,115 - Cir„ Cll(C„lI fl ) a I II a O 

Diphenyl clhnnc 

This last reaction also pci mils the picpaialion of a numbei of 
diphenyl-methane denvatives, smeo, on the ono hand, we may use 
different aldehydes and ketones and, on the olhei, numeious 
substitution pioducts of ben/cnc 

Benzophenone, C 0 II 6 CO C 0 II 5 , the ketone couesponding to 
diphenyl - methane, is fonned when the lattci is oxidised with 
chromic acid This compound and the sccondaiy alcohol bcnshydutl i 
C fl H 6 CHOH C 0 II fiJ have been dcsciibcd on p 4^4 

p Diamino diphenyl-methane, CU^Cyl^NIIg)^ m p 87°, is obtained 
by heating aniline with fo>maldehyde-antlutc^ C 0 II r> N Cllg (the con^ 
densation product of foimaldchydc and aniline) In this reaction 
intramoleculai change occms 

2C 0 H 0 NH 2 + nCIIO - IlgN CCII 2 C 0 U i Nllg \ U a O 

1 Pummcrcr nnd Biltnor, Btr ^ 193^ 6^7,84 
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As will be seen latei, this piocess is also used in the technical 
piepaiation of New Fuchsme 

Foi /-dlamlno-penzophenone and its derivatives see p 435 
A compound closely 1 elated to diphenyl-methane is chphenylene- 
m ethane 01 fluorene, which is obtained when diphenyl-methane is 
passed thiough a tube heated to redness 

lie _CH HC_ ctr 

HC^ ~^CH HC^ ^>CH - 

HC CH 

ch 2 

Diphenyl methane 

HC_CH HC_CH 

kc 4T _j > £ — e <LJ;> CH 

HC Cx^^^^C CH 

CH S 

Fluorene 


Fluoiene is picsent in coal lat, and may be obtained from diphenylene 
ketone or fluoienone (see p 493) by reduction with zinc dust or with 
hydnodic acid and phosphoius It melts at 113 0 , boils at 295°, and 
ciystallises fiom <dcohol m plates showing a violet fluorescence, from 
which It takes its name With ptciic acid it unites to form a red 
crystalline piciale, rap 8l° Oiving to the arrangement of the double 
bonds in the molecule} the hydrogen atoms of the CHfgroup m fluorene 
and umdmty constituted hydtocaibons are very reactive 

Thus fluoiene condenses with oxalic ester, and with benzaldehyde 
In the latlci case benzylidcne-fluoiene, (Cgl-I^C CH C 6 H 6 , is formed 
The acidic natuic of the CII 8 -gioup is shown by the interaction of 
fluoiene with caustic potash to give a solid potassium compound. 


CnII 


By means of this compound the hydrocarbon can be 


\CIIK 

Hf 

isolated fiom coal tai and obtained in the pure state 2 On energetic 

oxidation fluoiene yields phlhalic acid 

The diiccl piepaiation of fluoiene derivatives from fluoiene has 
recently been investigated by J Schmidt, 8 who has shown that the 
action of conccnli ated sulphuuc acid on the hydiocarbon leads to the 
foi mation of 2 j-fluor ene-disulphomc acid, which on fusion with 
potassium hydroxide gives 279 g-tetrahydr 0 tyfiiotene 


1 J fhiclc, Btr , 1900, 88, 851 A>w , 1906, 847, 249 W Wislicenus, , 1900, 88, 

9 Wewgcrbor, Bet , 1901, 84, 1659 Wegcr and Dimng, Bey, 1903, 80, 878 J bclnmdt 

and co-workorff) Ann , 19°9 i 1 t r 9 I2 » 210 
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DIPHENYL-METHANE AND FLUOUENE GROUPS 


In the formation of fluoi ene compounds thiee methods aie of special 
value 

One of these depends on the conversion of appiopnate denvatives 
of diphemc acid into denvatives of fluoienone, by elimination of c>ubon 
dioxide, eg the conveision of diphemc acid itself mlo fluoienone by 
the distillation of its calcium salt 





] 

COO Ca OOC 




CO 


riuorcnono 


This method of piepaiation establishes the constitution of fluoienone 
and hence that of fluorene 

A second method is based on the conveision of 0-amino-benzo- 
phenone into diphenylene-ketoue by dia/olisation and lcmoval of the 

diazo gioup 



A thud piocess staits fiom phenanthiaquinone and its denvatives, 
which are described latei When boiled with aqueous alkali, phenanthia¬ 
quinone yields diphenylene-glycolhc acid (9 - hych oxy - fluoi one - 9 - 
carboxylic acid) 








Substituted phenanthraquinones undcigo a sitmlai leaclion to 
give the couesponding diphcnylenc-glycolhc acids The lattci can 
then be transfoimed into other denvatives of fluoi ene Most of them, 
when heated with acetic anhydiide m the absence of an, lose c.ubon 
dioxide to fotm the acetyl denvative of the couesponding fluoicnyl 
alcohol, when boiled with acetic anhydndc, watei, 01 alkalis, m the 
presence of an, oxidation occuts simultaneously with the pioduction 
of a substituted fluorene ketone 01 fluoienone 1 


1 J Schmidt ukI B-uier, Bet , 1905, 88, 3737, 



FLUORENONE, HEX AH YDRO-FLUORENE 


493 



O a N 



/V co 


Heating to 50* 

with to per cent 
potassium 
hydroxide 



4 Nitro phemnthraquinonc 


1 


Boiling with water m tlic presence of air 


/\ 


O a N x 




^OII 

^cooii 


Boiling with 

- > 

arctic 

anhydride 
in a uincnt 
of hydrogen 


o 2 n 




O COCHo 
H 


V 

4 Nilio diphcnylono glycollic acid 


S/ 

Acetyl derivative of 4 nitro 
fiuorenyl alcohol 



V 


4 Nitro-fiuorenone 


Fluoronono, 01 diphonylcne ketone, is best ptepared from fluorene 
by oxidation with sodium bichi ornate and glacial acetic acid It gives 
the usual icacLtons ol ketones and is a yellow uyslalhne substance, 
mp 84° and bp 341” On 1 eduction it yields fluounyl alcohol\ 
(GqIIO/'HOII, which fotms colouilcss crystals., mp 1 53 ° 

Hoxaliydro fluorene has been isolated from a Fi ench gas coal by 
distillation undci lcdiucd picssuie, and also by extraction with benzene 1 
It boils at no" to 120° undci 10 mm , and at high temperatmes loses 
hydlogon to foim fluoicne This change, which would also be 
expected to take place with othei hydrogenated compounds, may be 
of gcnoial occuncnt-c dm mg the diy distillation of coal under ordinary 
picssmc It thcicfoic furnishes one, although not the only explanation 
of the piescncc of momatic hydiocaibons in coal tai, and of hydrogen 

in coal gas 

HI —TRIPHBNYL-METHANEf GROUP 

I his gioup is of piactical as well as theoietical importance On the 
one hand it includes a senes of widely-used dye-sluffs-the rosan.lines, 
aurmes and plithaleins—and on the other it contains compounds 

1 A PtcU-l and Ramseyer* Bet , 191*, 44 , 2486 
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which have aioused veiy gieat xnteiest m tecent yeais owing to then 
unexpected properties 

Triphenyl methane, (C 0 II 6 ) a CH, mp 92°, bp 358°, the paient 
substance of the whole gioup, is obtained by the following leactions 
1 From the magnesium compound of tnphenyl-chloio-methane by 
decomposition with water and acid 1 This is the most convenient 
method of piepating the hydiocaibon, since tnphenyl-chloio-mcthane 
is easily obtained by tt eating caibon tctiachlondc with benzene and 
aluminium chlonde 

-3IIGI , , Mr 

CiCCIj h 3lIC (i II fi -->■ CICiC.IlX - 

Tnphuijl thloio mctli me 

ciMgC(c„ii 5 ), nc(c 0 n n ), 1 a Mg on 


2 By the action of aluminium chloitdc on a mixluic of bcnzal 
chloride and benzene, 01 of chloiofoim and bcn/cne*® 


C 0 H b CIIC 1 2 1 2IIC(jII B 


-2nd 

-<C 0 II 0 ) 8 CJJ 


- 3IIU 

<—— ciici , 13nc fl ii n 


3 Fiom benzaldehydc and benzene, 01 bcn/hychol and bcn/cne, 
undei the influence of dchydiating agents such as /me chlonde 

C fl II ri CIIOH 2lIC u II fi = (Cfllln^CII t IT a O 

By means of these icactions substituted dcuvaltves of Inphcnyl- 
melhane may also be piepaicd If, foi example, in method 3, 
dlmelhylunilmc is used m place of benzene, the lcuco-base of malachite 
giccn is foimed I his lmpoitant compound is dcscubcd latei 

11 lphcnyl-methanc is a white, ciystalhne substance, which is 
insoluble in watci and cold alcohol, but leadily dissolves in hot 
alcohol, ethci and ben/ene Fiom the last it ciystalhses in union 
with one molecule of the solvent When 1 educed with hydi iodic acid 
and phosphoius it biealcs up into ben/ene and toluene, and with 
oxidising agents it is converted into tnphcnyl-caibmol 

Accoidtng to Wet not, 8 the tiiphenyl-mcthyl tadical, (C 0 II c ),C, has 
only a weakened valency bond at its disposal, and consequently the 
hydiogen atom with which it is united in ti iphenyl-melhanc can, 
undei ceitam cucumstanccs, take pail in the foimalion of molecular 
compounds 

rnphenyl-mcthanc and its analogues aie chaiacteiised by then 
ability to form such compounds, eg 


(C 0 1I 6 ) 8 C1I f C 0 I1 0 

Hon/uio 

(c 8 u fi ) d cii i Cjiij nh 

Vyi rolo 


(C tl U 6 ) 8 CTI i CjXIiS 

i hiophcao 


(C'tjTCfi)(ClI l C n r l 6 Nil, 

AmliiK 


1 J SchmicUm! Ber > 1906, 80 , 628, 1912, 3188 J lor the muchat»8m of thu 1 liter 

reaction bee Norim and Lcid, Am C /, 1901, 20, Diphuiyl-metlmne, anlhnccne md 

diphenylenc phcnjl nieUnne arc also formed B A Wuruci, Bet , 1906, 30 r 1278 
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Substitution pioducts of tnphenyl-methane may be classified 
accoiding to whether substitution has occuiicd in the methane residue, 
m the phenyl gioups, 01 in both 

Potasstnm t> iphenyl-methane , (C fl H 5 ) 8 CK, is obtained by heating the 
hydtocaibon with potassium 

Tiiphenyl - ohloio - methane, (C 0 II fi ) 8 CCl, rap nr 0 , has been 
mentioned on p 494 Ihe chlonnc atom in this compound is very 
mobile and easily detached With watei, foi example, hydiolysis 
occurs slowly in the cold and immediately on boiling, to foi m ti lphenyl- 
caibinol and hydiochlonc acid With alcohol it icacts icadily to give 
the ethyl ethei oj tnphenyl-catbinol, m p 78° 

(C c II n )„C Cl | II 2 0 - (C a II fl ) s C 011 1 I-ICl 
(C 0 II 0 ) 8 CCI t no C 2 II C - (C 0 ii(i) 8 c oc 2 ii 0 t nci 

It has been shown that the halogen atom of triphenyl-chloto- 
methane and similai halogen compounds possesses the powci of 
attaching 11101 game halides and olhci components to foim highly 
colouicd complexes, 1 such as (C 0 II D ) a CCl A 1 C 1 3 , (C 0 II fi ) 8 CCI SnCl 4 , 
2(C a H e ) d CCl (IIgCl 2 ) 3 This peculianty led Wornei to the above 
assumption, that the thiee phenyl gioups make such a demand on the 
affinity of the methane cat bon atom that only a small suiplus is left 
at the disposal of the fomth valency bond 

Tnphenyl Cat bind and the Basic Pi opet ties op Cat bon 

Triphenyl-oarbinol, (C 0 II e ) s C Oil, mp 163°, is icadily piepaied 
by the action of phenyl magnesium biomidc on methyl ben/oate 
01 ben/ophenone 2 The cxpei imcntal investigation of this compound 
has been of gieat intcicst in connection with the hypothesis of the 
basic chaiactci of caibon la its chemical behaviom tnphenyl-cat buiol 
ts a weak base When tieated in cthcical 01 ben/cnc solution 
with diy hydiochlonc acid gas, it is quantitatively convened into 
tnphenyl-chloro methane lhe lattei leadily undcigoes double decom¬ 
position with vanous silvei salts, eg with silvci chiomalc it foims 
yellovvish-i ed tnphenyl chi ornate, [(C 0 [I 6 ) l( C] 2 Ci Oj 

By lcplacing the phenyl gioups m Uiphcnyl-caibinol with methoxy- 
phenyl gioups, and especially with /-methoxyphcnyl (amsyl) gioups, 
Baeyci and Villigci succeeded in obtaining moie stiongly basic 
compounds which gave ciyslalhne, highly-colouied salts even with 
dilute acids It was found that the effect depended laigcly on the 
position of the melhoxyl gioup in the benzene nng, the mcicase of 
basicity being gieatest in the p- and least in the ?«-position 8 

Salts of this type containing basic caibon aic known as catbomnm 
salts As will be shown lalei, the study of the salts of tnphenyl- 

1 See alto J pt Ch , 1921 (2), 10S, 1 8 Ullminn, Be> , 1903,86, 406 Acree, Bet , 1901, 

37 , 2755 * Daeyei and Vtlhger, Bet , 1902, 86, 3020 
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caibmol and its substitution pioducts has an immediate beating on the 
constitution of tnphenyl-melhane dye-stuffs 

Tuphenyl-caibtnol not only possesses basic piopeities but its 
hydioxyl gioup is also chemically active in olhei ways, and can foi 
example be dticclly icplaccd by allcoxyl gioups The othei leactions 
of this compound, so fai as they ate known, appeal to place it in an 
mtei mediate position between the alcohols and the acids in chaiacler, 
as may be seen fiom the following summaiy of its piopeities 

Tnphenyl-caibtnol extiemely readily foims alkyl cthcis with 
alcohols in the piesence of dilute acids , alkalis, on the conti aiy, do not 
affect it The ethyl ether is easily hydiolysed with dilute acids, but 
quite lcsistanl towatds alkalis With /inc and glacial acetic acid the 
caibinol is icadily 1 educed to tiiphenyl-mcthanc Its acetyl deuvativc, 
on being ctystallised fiom alcohol, is con veiled quantitatively into the 
ethyl elhei, and this with acetic anhydtidc 01 acetyl chloudc again 
yields the acetyl compound The caibmol itself can be acctylated with 
acetyl chloildc, but not with acetic anhydude 

It has been shown by Walden that lnphcnyl-caibinol is a i datively 
good clcctiolyte 11 iphcnyl-mcthyl chlonde and biomide conduct 
electi icity even beltei, giving values appioximating to those of the 
quatcinaiy ammonium salts 

Anothei deuvativc of tilphenyl-inethanc in which the substituent 
is in the methine gioup is triphenyl-aoetle acid, (C 0 II ri ) s C COOH 
lhis is leadily obtained 1 from the magnesium compound of lnphenyl- 
mcthyl chlonde by the action of diy caibon dioxide, followed by 
ticalment with watei and acids It ciystalhses fiom glacial acetic 
acid in pi isms, mp 263° to 264° 

Of the dlphenyl-toly 1-methanes, (C fl II 6 ) a CII C 0 IIj CII<|, in which 
substitution is in the benzene ling, the ?w-tolyl compound, mp 59°> 
having the methyl gioup in the meta-position to the methine caibon 
atom, has been piepaicd fiom leucanthnc (sec next section) by dia/olisa- 
tion and elimination of the dia/o-gioups T,he diphcnyl-tolyl-catbinols, 
which can be convciled into the hydiocaibons by reduction, have 
lcccnlly been synthesised by means of Gngnaid’s icaction 2 Diphenyl 
p-tolyl-carbinol was obtained in this mannei fiom phenyl magnesium 
bromide and the methyl estci of j>-loUuc acid 

Constitution of Carbommn halts 

The sulphates , s nitrates and peichloiates of trialyl-melhyIs aie 
without exception coloured in the ciystailinc state, and give in gcneial 
colouted solutions Some solvents, eg ethei, foim colomless solutions 
In the colouied solutions and in the ciystailinc condition, the com- 

1 J Schmidlin, Bty , 1906, SO, 631 See howevei Glllman snd /ocllncr, T / 4 >>l ^ •?» I9 2 9i 
51) 5493 H G Rule ind J Bun,/ C S , 1080 , igoi a Cf B<n , igot, 8 * 7 , 656, 6G3,1215 
Also Aciee, \bul , ggo 8 Norris snd Ssnders, Am C J , 1901, 26, 51 
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pounds aie piesent as tiue salts, in colouiless solutions they exist 
as esteis 

The solid tuaiymethyl Jiahdei are colouiless, but foim both coloui¬ 
less and colouied solutions In the latter an equihbiium exists 
between the two fotms, as has been cleaily shown by the optical 
investigations of Dilthey 1 Since the colouiless chlonde dissolves 
in strongly dissociating solvents to give a yellow solution which 
conducts electricity, it has been concluded that this compound also 
can exist in two modifications, one of which is colouiless and 
unionised, and the othei colouied and ionised 

Baeyei pioposed to describe ammonium, phosphonium, sulphomum, 
lodomum, oxonium and caibomum compounds as deuvatives of onmm 
bases 

For the fotmuLn denved foi dye-stuffs of the tnplicnyl-methane 
senes fiom the above standpoint, see Baeyei {Bet , 1905, 88, 569) 

A new conception of caibomum salts, based on then icmaikable 
pioperty of ionisation and geneial similanty to all othei omurn 
salts, has leccntly been advanced by IIant/sch a Omnin halide salts 
derived fioin the elements nitiogen, p ho s phot ns, oxygen and sulphm 
have been shown by Ilantzsch to exist in two “chiomo-isomeuc " 
senes, vi/, tiue colouiless halide salts of the complex foimulx, 
(NR,)X, (OR 8 )X, etc containing an indued lonogcnic 01 ionising 
linking of the halogen, and coloui cd pseudo salts of the type X N R t , 
X O R„ etc, so fai only known m the case of iodides and biomides, 
containing a duccl non-ionogcnic union of Lhc halogen Aceoichng 
to this view theie die also two isonieuc senes of caiboniuin salts 
r Yellow liiphcnyl caibonium halides 01 true salts 
2 Colouiless tilphcnyl-mcthyl halides 01 pseudo salts 
On this hypothesis the cathon deuvatives chffei fiom those of N, P, 
O and b in that the tiue caibomum salts aic colouied, wheieas among 
the othei onmm compounds the pseudo-salts aie the colouied foims 
lhc close analogy between the two senes of halide salts, (C fl II(s) 8 CX, 
and the isonieuc senes of ammonium and oxonium halides is Laced 
to a similanty in consLituLion Oxonium pseudo salts, foi example, 
aie icgaided as nonnal deuvatives of tetiavalent oxygen (foimuia I), 
with halogen dneclly attached to oxygen lhc Luc oxonium halides, 
on the othei hand, aic complex salts m which oxygen functions as 
the cential atom, the halogen being in ionic union (/r, indued), 
with the -onium complex, and theicfoie in the outei spheie accoiding 
to Wcinei’s theoiy (II ) Sumlaily, only the genuine tnphcnyl-methyl 
halides aic deuvatives of sLuctuially nonnal tetiavalent caibon, 
and owing to the dncct linking of the halogens they aie non- 

1 W Dilthey, J pi Ih , 1026 (a], 100, 373 J A tlmU/ieh, Bet , 1921, 61 , 2573 , 1930, 
68, 1181 II Ii l'tera, Ileh Chun Ac/a, 1931, 1 , aai , J 3 tr, 1922, 66, 429, 20^3 K Brunei, 
Jpr Lit, 1925 fa], 100, 28 
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carbmol and it <3 substitution pioducts has an immediate beating on the 
constitution of triphenyl-methane dye-stuffs 

Ti iphenyl - cat btnol not only possesses basic piopeities but its 
hydroxyl gioup is also chemically active in othei ways, and can foi 
example be dnectly leplaced by alkoxyl gioups Ihc othei leaclions 
of this compound, so far as they aie known, appeal to place it in an 
inteimediate position between the alcohols and the acids in chaiactei, 
as may be seen fiom the following summaiy of its piopeities 

Triphenyl -caibinol extiemely readily foims alkyl ctheis with 
alcohols in the piescnce of dilute acids , alkalis, on the conti aty, do not 
affect it The ethyl clhei is easily hydtolysed with dilute acids, but 
quite lesistant towaids alkalis With zinc and glacial acetic acid the 
caibinol is 1 caddy 1 educed to liiphcnyl-mclhanc Its acetyl deuvalivc, 
on being ciystallised fiom alcohol, is conveitod quantitatively into the 
ethyl ethei, and this with acetic anhydude 01 acetyl chlondc again 
yields the acetyl compound The caibinol itself can be acctylatcd with 
acetyl chloi ide, but not with acetic anhydi ide 

It has been shown by Walden that triphcnyl-caibinol is a 1 datively 
good electiolyte 1 nphenyl-melhyl chloi ide and biomide conduct 
electncity even bettei, giving values appioximating to those of the 
quatcinaiy ammonium salts 

Anothei dcnvative of tuphenyl-mcthanc in which the substituent 
is in the methine gioup is trlphenyl-aoetio acid, (C 0 II e ) a 0 COOII 
I his is icadily obtained 1 fiom the magnesium compound of lnphcnyl- 
mcthyl chloudc by the action of diy caibon dioxide, followed by 
Itcalmenl with watci and acids It riystalliscs fiom glacial acetic 
acid in pi isms, rap 263° to 264° 

Of the diphenyl-tolyl-methanea, (C 0 II 6 ) a CII C' 0 11 1 CII n , in which 
substitution is in the bcn/enc ling, the ;«-tolyl compound, mp 59°, 
having the methyl gioup 111 the meta-position to the metlnnc caibon 
atom, has been piepaied fiom leucamhnc (sec next section) by dia/otisa- 
tion and elimination of the clia/o gioups T,hc diphenyl-tolyl-caibinols^ 
which can be conveited into the hychocaibons by 1 eduction, have 
lccenlly been synthesised by means of Gngnatd’s icacLion 2 Dtphenyl- 
p- tolyl-catbmol was obtained in this mannei fiom phenyl magnesium 
biomide and the methyl estei of /-toluic acid 

Constitution of Catbomum Salts 

The sulphates ,® mtiates and pet chloi ates of tiiaiyl-methyls aie 
without exception coloiued in the ciystalline state, and give in gcncial 
colouied solutions Some solvents, eg ethei, foim colouiless solutions, 
In the colouied solutions and m the ciystalline condition, the com- 

1 I Schmidlm, Ba , 1906, 80, C34 Sec liowcvcr Gillman ind /odlncr, J J m C S', 1929, 
61, $493 II G Rule ind J Bam,/ C S, 1980, igoi 3 Gf Bt> , 1901, 87, 65O, 663, iaiS 
Also Acree 1 ibid , ggo * Norils and Senders, A»t C /, 1901, 2B, 5 1 
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pounds aic pie sent as tiuc salts, in colouiless solutions they exist 
as estcis 

The solid tuaiymethyl halides aic colouilcss, but foim both coloui- 
less and colouied solutions In the Ialtei an cquilibnum exists 
between the two fotins, as has been cleaily shown by the optical 
investigations of Dilthey 1 Since the colouilcss chlonde dissolves 
in stiongly dissociating solvents to give a yellow solution which 
conducts elcclncity, it has been concluded that this compound also 
can exist in two modifications, one of which is colouilcss and 
unionised, and the othci colouied and ionised 

Uaeyei pioposed to desenbe ammonium, phosphonmm, sulphomum, 
lodomum, oxonium and caibonium compounds as dcuvalives of onuwt 
bases 

For the foimul.e dciived foi dye-stuffs of the tuphenyl-methane 
seues fiom the above standpoint, sec IJacyei (/A? , 1905, 38 , 5 69) 

A new conception of caibonium salts, based on then icmailcable 
piopeity of ionisation and geneial similaiily to all olhei omum 
salts, has tecently been advanced by Ilanl/sch 2 Omum halide salts 
derived fiom the elements nitiogcn, phosphotus, o\)'gcn and sulphui 
have been shown by Ilanl/sch to exist in two "chiomo isomonc” 
senes, vi/, tiue colouilcss halide salts of the complex fonnuke, 
(NRj)X, (OR 0 )X, etc containing an indued lonogenic oi ionising 
linking of the halogen, and colouied pseudo salts of the type X N R 4 , 
X O R u , etc, so lai only known 111 the ease of iodides and biomides, 
containing a dnecl non-ionogemc union of the halogen Accoiding 
to this view theie aie also two isomeiic senes of caibonium salts 

1 Yellow tuphenyl caibonium halides 01 tiue salts 

2 Colouilcss tiiphcnyl-methyl halides 01 pseudo salts 

On this hypothesis the cat bon denvatives diffei fiom those of N, P, 
O and b in that the tiue caibonium salts ate colouied, wheieas among 
the olhei oumm compounds the pseudo-salts aie the colouied fonns 

The close analogy between the two senes of halide salts, (C 0 II 6 ) 8 CX, 
and the isomenc senes of ammonium and oxonium halides is tiaced 
to a similaiily in constitution Oxonium pseudo salts, foi example, 
aie legaidcd as nonnal denvatives of teliavalent oxygen (foiinula 1), 
with halogen dncctly attached to oxygen I ho U tie oxonium halides, 
on the olhei hand, aie complex salts 111 which oxygen functions as 
the ccntial atom, the halogen being in ionic union (te , indued), 
with the -omum complex, and theiefoie in the oulci spheie aecoidmg 
to Weinei’s thcoiy (II ) Snmldily, only the genuine Inphenyl methyl 
halides aie denvatives of stiucLuially nonnal teliavalent caibon, 
and owing to the direct linking of the halogens they aie non- 

1 W Dilthey, J pi th , 1020 [a 1 ], 100, 273 J A II uit/uh, Jht , I<j2i, B 4 , 2573 , 1930, 
08, 1181 II F 1'iei/, //tlv Limit Ada, 1921,1, 22j, Bet , njaa, 06, jag, 3043. K Diaml, 

JP> C 4 ,1925 [a], 100, 28 
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electrolytes and theiefoie pseudo caibonium salts (III) The tiue 
luphenyl caibonium salts aie elcctiolyles and must be consicleied 
to be complex salts analogous to the tiue oxonium salts In these 
compounds the methane carbon functions as the cential atom and 
is only directly united to the three phenyl gioups, thus foiming the 
complex cation, the halogen 01 acidic tadical is situated in the 
outer sphere, and is in indirect 01 lonogcmc union (IV) 


R 

Pseudo salts I R O X 

R 

frue salts II ^R 0 <^ JX 


c 0 h 6 

III C 0 II 6 c X 


IV 


(c u H 0 C<( 


G.II 




CJIj 



The theory of caibonium salts may be summansed as follows 
Tetiavalenl catbon resembles teliavalcnt oxygen and sulplnu in 
its ability to function m the cation of an ottium salt when linked 
dnectly to thiee hydtocarbon ladicals Pseudo salts built up fiom 
a gioup of this kind and an acidic atom 01 complex may undergo 
reairangcment in such a mannei that the acidic gioup changes to 
indiicct union in the outei sphcie, and m this slate functions as 
an anion The complex foimula foi tnphcnyl caibonium salts, 
[C Ar s ]X, given above, is suppoited by data foi optical absoiption 
and electrical conductivity, as well as by a numbci of ptucly chemical 
reactions 


Triphenyl-methane Dye-stuffs 

Fiona the colouiless hydiocaibon, tnphenyl-mcthanc, the leuco- 
compounds of dye-stuffs may be detived by teplacing hydiogen in 
the benzene nuclei by ceitam chromophouc gioups of atoms Chief 
among the latter are the amino-gioup, in which hydiogen may 
also be substituted by alkyl ladicals, and the hydtoxyl gioup In 
addition to the denvatives discussed on p 444, in connection with 
plilhalic anhydiide, we have the two following senes 

1 The Rosamhne group, denved fiotn ammo-lriphcnyl-mcthane 

2 The Aurme gioup, derived from hydroxy-liiphenyl-melhane 

Constitution of the Tnphenyl-methane Dye-stuff's —The lelalionship 

of these compounds to triphenyl methane, which is discussed below, 
was first shown in 1878 by B and 0 Fischer Since then the gieatesl 
advance on the theoietical side has been the mlioduction of the 
qumonoid foimula by Niet%kt x but opinions as to the finei structural 
details are almost as numeious as the leseaichcs on the di- and 
triphenyl-methane dye-stuffs themselves 

If three ammo-groups aie mlioduced into the thiee benzene 
nuclei of triphenyl-methane, in the ^-positions to the mclhine gioup, 
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a compound of the sti uctui e I is obtained, known as /-tiiamino- 
ti lphenyl-methanc, or moic commonly as pat a-leucamlme 

Leuco bases 01 leuoo compounds ate the colouiless compounds 
obtained by the teduction of dye-stuffs On oxidation they aie 
again conveited into dye-stuffs The use of these teims is not 
limited to the tuphenyl-methane senes, but is common to the 
indigo and olhei gtoups of dyes 

When /-tnamino-tnphenyl-mcthane is tieated with oxidising 
agents, a dye base is obtained which is only stable in the form of 
its salts, eg as the hydiochloude parai osanilme hydi ochlonde (II) 
On being liberated fiom its salts the ftee base changes moie 01 

I 



Oxidation 
\ IICl 


Reduction 





A 



NftOIl 



i 



Nirnci 



a 


C 0 II 0 c c 0 ir D 

A 



Djphenyl rjinno 
methane or fuchsonc 


c 0 n 6 c c 0 ii 6 




N C 0 II S 

Fuchsonc phcnyhminc 


c a n 8 c c a ir s 





N C 0 II M IICl 

Fuchsonc phenyl imonium 
chloride 1 


* Imonhim indicates a compound of the ammonium type, in which a double C linking (immo 
group) is also present 
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less lapidly into colouiless triamino-tiiphenyl-caibmol (III) Since 
the dye-stuffs aie in many ways similai to the qmnontinine dyes, 
they me constdcied by most chemists to possess the qumonoid sltuctuie, 
as lepiescnted in foimula II 

Stable foims of this type of coloui base have been chscoveied 1 
among phenyl quinonimme dcnvatives by Bacyei and Villigei The 
paient substance of this gioup of compounds may be considered to be 
diphenyl - qiuno - methane, foi which the name fuchsone has been 
suggested, thus enabling membeis of this gioup to be named 
systematically 

The piobability of the qumonoid foimula, as applied to salts of 
ti lphenyl-methane dyes, has been considerably slicngthenccl by lecent 
idealch, 2 and this foimulation will be adopted in the following pages 
Foi a long time, howevei,thc stiuctuie suggested in 1880 by Rosenstichl, 
lepiesenting the salts as estets of a caibinol (see foimula below), was 
icgaided as being as piobablc as the quinonc foimula and was 
suppoited by the work of Bacyei 8 



NH a 


Para-rosanilina hydrochloride 
or jnra fuchsinc 
(Rosemiuht's fot mu/d) 


It must be admitted that the newer conceptions, which aie moic 01 
less based upon the oldei Rosensliehl foimula, can be suppoited by a 
constdeiablc body of evidence Accoidmg to Fici/, Dillhey and othcis 1 
the tiiaiyl-methylium salts [At s C]X discussed on pp 497, 498 aie to be 
legarded as the chiomogens, fiom which dye-stuffs of the luphcnyl- 
methane seues are derived by the replacement ofhydiogen atoms by 
auxochiome gioups, such as OH, NII a , NMc 2 , etc 

The natuie of the colom bases of tripheny 1 -methane dye-stuffs will 
be discussed more fully at the end of this chaplet 


1 Baeyer and Villiger (Bet , 1904, 87 , 597, 2848) obtained tlie quinonoid anhydride of 

p andnotnphenyl carbinol, fmAsotnmtae, F = Cnll ,=N II~| , In a colourless, crystalline 

Ja 

dim-oleculaT al/ite by the interaction of phenyl magnesium bromide ind p imino bcn<Jopiievioiie 
Many of the tnphenyl methane colour b^ses exist in two forms, a colourless carbmol ^nd a 
coloured qumonoid modification Baeyer Tnd Vilhger, 1902, 85 , 715 Noel ting and Pin lip p» 
1908, 41 , 579 2 Cf Wiehnd, Popper and Seefned, Bet , 1922, 65 , 1816 ® Baeyer, 

Btr ^ 1906188,569 4 H Fierz and H Koechlm, Helv Chun Acto t 1919, X, a ro, W Dilthey, 

J p* I 9 2 5 i [ 2 1 2 73 \ W Madelung, J pt Ch , [2], 1926, 111, roo, K Brand, ibid , 

1925, 10&, 2S , R Wj linger, Ber , 1927, 60 , 1377 
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1 Rosaniline Dye stuffs 

Malachite green, Victoua green When benzaldehyde is heated 
on the watei-balh with dimethylanilme in the presence of condensing 
agents such as liydiochlonc acid, sulphuiic acid 01 zinc chlonde, theie 
is foimed teliamcthyl-ch-/-amnio tnpheny 1-methane or leu co-malachite 
green In this tcaclion the hydiogen atoms in the /-position to the 
N(CII 3 ) 2 gtoups unite with the aldehydic oxygen atom, with elimination 
of watci The leuco-base is obtained m colourless leaflets 01 pi isms 


C 0 H a CHO b 


H N(CH s ) a 
II C 0 H 1 N(CH B ) a 


C 0 H 5 —CH 


N(CH b ) 2 
\C 0 H 4 N(CH 8 ) 3 


+ H a O 


Lcuco base of malachite green 


When the hydiochlondc of the leuco-base is oxidised, malachite 
giecn is obtained This is usually earned out in dilute solution by 
means of lead petoxide in the ptescnce of a little acetic acid 

(CHAN— < > — 

Qiunonoul formula foi malachite green 

The compound is most conveniently isolated fiom solution in the foim 
of the /me double salt, SCCViH^N^l), 2 ZnC\ it II 2 0 , by piecipitation 
with /me chlonde and common salt, 01 the caibinol base may be 
piecipilated with sodium caibonate, and convcitcd into the oxalate 
by ticatmcnt with oxalic acid 

The zinc double salt 01 the oxalate is placed on the maiket in the 
foim of gtcen ciystals having a metallic sheen Malachite giecn dyes 
wool, silk, jute, lcathei and tannined cotton a giecn coloui, which is 
not veiy fast to light 

Tetramothyl cllnmino ti*iphenyl oax’blnol, 

C 0 II t N(ClI & ) 2 
C o II 4 N(CII 0 ) 9 

is pioduccd by the action of alkalis on malachite giecn It may be 
synthesised by the mleiaction of 2 mols of dimclhylamino-phenyl 
magnesium btomictc with i mol bcn/oic cstci, and foims colouiless 
ciystals, rap 132 0 . 

Among the vanous dyes of this type used in industiy the following 
may be mentioned 1 

1 For iho influence of snbsUUilion on llto colour of mnlnchite green, see Noeltlng nnd 
Gerlmgei, litt , 1906, 80 , 2041 
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Brilliant green, GuignePs greeny is the ethyl compound coiresponding to 
malachite green, obtained by condensing diethylamlme with bcnzaldehydc 

Patent blue, the <?-/-disulphomc acid of M-hydi oxy-malachile gieeti, 
is prepaied by condensing iw-mtiobcnzaldehydc with dimcthylanihne, 
leplacing NO a by Oil by way of the dia/o compound, followed by 
sulphonation and oxidation It is an impoilani dyc-sluff which dyes 
wool a veiy fast gieenish-blue colout and is stable towaicls allcali 


Triamino triphenyl carbinols and their Derivatives 

The tiue rosaniline dye-stuffs aic denvcd fiom / a -ti lammo-ti iphcnyl- 
caibinol (fmmula III ,p 499) and/ 8 -tuammo-diphcnyl-w-tolyl-caibinol 

When tieated with an equivalent of hydio- 
chloi tc 01 acetic acid these compounds lose 
a molecule of walei and foim salts of the 


NII a C„II t 


NH a C a II 4 


\c/ 0H 

/Vii 


/ 


O B 


\ 


CII 

NIX, 


B 


2 typo lllusti atccl on p 499, which ai e valuable 
dyes Owing to then piepatalion fiom ciudc /-loluidinc, the dyes 
deuvedfiom /> 8 -tnamino-tiiphenyl caibinol weie onginally distinguished 
as pai a compounds (eg, paia-iosantline, paia-iosohc acid), and tins 
inconvenient nomenclaluie is still in use 

Para rosaniline, C 10 II 10 N a O (constitution, see p 498), is piepaiccl by 
oxidising a mixtuie of ^-toluidmc (1 mol) and aniline (2 mols) Among 
the numerous oxidising agents available foi this puiposc, niseme acid 
(the older piocess) 01 mtioben/ene is geneially used It is supposed 
that the methyl gioup of /-tolmdine is fust oxidised to the aldehyde 
stage, and the p ammo-ben/aldehyde so foimccl condenses with aniline 
as m the malachite gieen piepaialion (p 501) Ilcncc the “methane 
caibon atom” of paia-rosanilme has its oiigm m the methyl gioup 
of ^-toluidme 1 


h!n c!h‘ H » c C » H < nh,+ 3 o 


a mols inilme 4 * 1 mol p tohmlme 


H,N 


H 2 N 


Cfllljs. yC„II 4 Nil 


c 0 h 4 


>C< 

/ x OH 


4 * 2II0.O 


Para rosimlinc 


The colourless catbmol base—which is lnacidic and moic stionglv 
basic than ammonia—unites with one equivalent of an acid with loss 
of water to form led dyes Simultaneously the molecule undetgoes 
leauangement into the qumonoid sliuctmc (possibly, howcvei, the 
caibinol ester type peisists, see pp 499 and 500) Ilydiocliloiic acid 

On exnmining this reaction it 13 elenr thnt puic ^tiHluc nlonc cm yield noitlici |vu*i ros unituQ 
nor roaamlino on oxidation (it 'ictmlly gives products of the indulmc type) In this case the 
gioup required for the formition of the "meth-me caibon ” is w mting 
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yields paia-iosamline hydrochloi ide 01 para fuohsine, which is a 
constituent of technical fuchsme On leduction with zinc dusL and 
hydiochlonc acid this salt is conveited into paia-lcucanihnc oi 
p - tnammo- triphenyl- methane (coloutless needles, mp 148°), fiom 
which paia-iosamline is easily lcgeneiatcd by oxidation 

Rosaniline, C 20 II ai N 8 O, is a homologue of paia-rosamhne and is 
obtained by the above condensation when 1 mol aniline is replaced 
by 1 mol o toluidme, 1 e , when an equimoleculai mixture of aniline, 
0-toliudine and /-toluidine is oxidised 


H a N C 8 H 5 


ILN 

H,C 


+ H a C C 0 II 4 NH a I-3O 





H a N C 6 Hj 


ESI 


ILN 

H a C 



«jH 8 



C 



C 0 IL Nil 


+ aH 0 0 


OH 


Roam time, 

trnnuno diphenyl tolyl caibinol 


Rosamline, like paia-iosamline, is a colouiless tnacidic base, which 
unites with one equivalent of an acid to foim colouied salts of the coloui 
base, a molecule of watei being set lice The salt containing one 
molcculai piopoilion of hydiochlonc acid is known as fuohsine In 
the solid state the lattei consists of gieen ciystals with a metallic 
lustic It dissolves in watei, giving a deep 1 eddish-puipic coloui 
The solution dyes silk and wool ducclly, and cotton aftci having been 
moidanted with tannin and potassium liydiogcn taitiate But the 
icd colouis so obtained aic not fast to light On leduction, losanihnc 


gives Icucamhne , prj 



C 0 II„—CII(C 0 IL NIIA, mp too 0 


Rosamline also foitns acid salts such as C 20 II ao N 8 Cl-|-3UCl, which 
gives a yellowish blown solution On the addition of much watei 
these dissociate into the nculial salts and ficc acid 

I he lelationship of pa>a-fuchsme and fuchsme to ti iphenyl-nt ethane 
was explained in 1878 by I£ and O Fischei 1 Paia-fuchsme (paia- 
losanilmc hydiochloudc) was reduced to the hydiochlonde of paia- 
leucamlinc, and the lattei conveited by way of the diazomum salt 
m to ti lphcnyl-methanc 


/C 0 H j NH a yC 0 II 4 NH a IICl 

NII a - > CII^C«IL NILIIC 1 

^C^IIj—NIIIICl X C 0 II, NHjjIICl 




QH fi 

c 4 it 6 

C 0 il fi 


In addition, triphenyl-methanc was synthesised fiom benzene and 
chloiofoim in the piesence of aluminium chlonde, and converted by 

1 A ft ft , 104 * 2 F Fischer and Jcnmngs, Ber , 1893, SO, aaao 
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mtiation mto/^-timitro-tiiphenyl-methanc, from which para-leucamlme 
and paia-iosamhne weie obtained as follows — 


C 0 II 6 HNO a 
C ft H, - >■ 

Tn phenyl methane p 6 



/CqHj NOg Reduction NII 2 

CIie-CoHj no 2 - > CIie-QH, NIL 

s cX no; n>: nh; 

Tnmtro-tnphcnyl-methino /j *1 mmino-triphenvl-mctlnne 

, P in leucEunlinc 

Oxidation 



/CoIIj N0 2 
IIO Ce-CflH, NO, 

^Clll! NOJ 

/ 3 Tnmtro-triphcnyl C'U'bmoI 


Reduction 
->• 


/C„II, NIL 
C^-Cflllj NIL 
^C 0 II,—NIIIIC1 

P it i ros inilmc hydrochloride 


The fiist series of changes was also earned thiongh with losaniline, 
yielding w/-tolyl-diphcnyl methane 

Finally) the assumption that the thiee ammo-gioups in losaniline 
and para-iosamlinc. occupied the paia-positions was also piovcd beyond 
doubt by othei reactions 


Nuclear-substituted Fuchsines 

In addition to the methods described above, a numbci of olhci 
ptocesses for the prcpaiation of fuchsine dye-stuffs have been developed 
One of these involves the condensation of foimaldehydc with aniline to 
give formaldehyde-aniline, C 0 H B —N = CH a , which on futthci tieatment 
with aniline is conveited with mtiamoleculai reanangemcnt into 
diamino diphenyl-methane (p 490) When llm base is healed with 
aniline and an oxidising agent (mtiobeiwcne), a hydiogen citoin of the 
CH 2 -group is teplaced by an ammophenyl gioup, with the pi eduction 
of pai a-fuchsme By employing substituted anilines in place of aniline 
itself this method may be used foi the pieparation of substituted 
fuchsines 

New Fuohsine, C 22 II 23 N 8 HC 1 , containing thiee <?-lolukline gioups in 
place of the thiee aniline residues, is veiy icadily obtained in the 
above way It dyes a bluish-ied and is moie soluble in walci than 
fuchsmc 

Aolct Fu oh sine, acid magenta , C 20 H 17 N a (SO 2 ONa) a , is a disulpliomc 
deuvative of fuchsine, pieparcd by heating losaniline with fuming 
sulpheirtc acid at 120° It dyes wool and silk m weak acid bath, thus 
enabling fuchsine to be used as an acid dye 


Methylated and Phenylated Derivatives 

When the hydrogen atoms of the NH a ~gioups in ros anil me and 
para-rosamhne are replaced by methyl 01 ethyl gioups, thcied colour 
of the dye is changed to violet The tendency towards blue becomes 
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raoic ptotiouncccl as the numbei of alkyl groups mcieases At first 
these compounds weie obtained by alkylating rosaniline with the aid 
of methyl 01 ethyl iodide, and later by use of methyl alcohol and 
hydiochlouc acid m place of the more expensive methyl iodide 
Recently dimethyl-aniline (piepaied by heating aniline with methyl 
alcohol and hydiochlonc 01 sulphuric acid at 200°) has been used as 
suiting malcnal and oxidised directly to alkylated para-rosamhnes, 
usually by means of cupuc salts In this manner methyl violet is 
obtained, consisting of a variable mixtme of the hydrochloiides of 
tclia-, penta- and hcxamethyl para-rosanilmes It is an nidescent 
gtoon tesmous mass, which dissolves m water to give a beautiful violet 
solution If hydiogen is substituted by benzyl gioups (C„H B CH a —), 
instead of methyl gi oups, a bluei shade is obtained (benzyl violei) 

Crystal violet is the hydiochloride of puie hexamethyl para- 
losamtmc It is piepaied by the mleiaction of phosgene and dimethyl- 
amlmo to fonn tcLi amethyI-diam 1 no-benzophenone (Michler's ketone, 
p 4^5), and condensing the lattei with dimethyl - aniline m the 
piesencc of phosphoius chlonde 01 aluminium chloride It crystallises 

exceedingly well 


2 (C IQ.N C 0 II S 1 CLCO 


-ilia 

* (CH,) # N c 6 h/ 


+ C c H N(CH 3 ) 2 
- > 


(( II,) N C„H 

(LII a )jN C 0 II 





c 0 ir, 

on 


N{CII 3 ) S HC j 

^ ^ 


(C 1 I 3 ),N C fl H r 
(CII 3 ),iN QII l 

Crystal violet 




«N(CH 3 ),C1 


An inloiestuiK method of fonning crystal violet is as follows.^, s6 > 
II ) whit h chmigcb mto the liydrochloiiclc of ciystal violet 


I (CIIjLN C p II v CO C 0 II 4 N(CII 3 h+Br Mg C 0 II 4 NCC1I 3 ) 9 

CCn 3 ) 8 N C fl H,\ yC„H 4 N(CHj) a 

53 BvMgo/ NC 6 H 4 NCCHjb 

II. (CIIj) a N CfllbV yCoIb-NCCH^ ^ [(CIIj|)iiN C 6 H 4 ] a C OH + MgCIBr 

(CIIs) e N Call*/ \0MgBr 

Pme blue dye-stuffs may be obtained fiom losamlme by replacing 
the ammo-hydiogen atoms by phenyl or naphthy groups 
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Aniline blue, tnphenyl-para~> osamhne hyd) ochloj ide, is piepaied by 
heating losamhne with a latge excess of toluidme-fi ee aniline and 
benzoic acid to i8o°, when ammonia is libeialed On lieating the 
pioduct with hydiochlonc acid the dye ctystallises out It can 
also be obtained by the oxidation of diphcnylamme The dye is 
very sparingly soluble in watei, but moie soluble in alcohol, hence 
it is sometimes termed “spitit blue” Sulphonic denvatives of thi3 
compound ate soluble in water and ate more often used than the 
patent substance The sodium salt of the monosulphomc acid, 
known as alkali blue, is used especially foi dyeing wool, and the 
sodium salts of the di- and tnsulphonic acids, water blue, foi dyeing 
cotton 

Diphenylammofuchsone-phenyhinme, the iminc base of aniline blue 
(formula I), has been prepaied by heating lnanisyl-catbmol with 
benzoic acid and aniline, and subsequently decomposing the benzoate 
of the dye with sodium hydi oxide undci special conditions 1 The 
compound is a black ciystalline powdci, mp 237° to 238°, which 
leadily adds on water to foim tiiphenyl-paia-iosanilinc (foimula II) 
On reduction it yields the leuco-base, and with acids gives the 
coitespondtng dyc-salts 


I 



C 4 II b NHC s II 


4 \ 


C fl H.NHC«H / 


C 





\ 

-/ 


—N CJI 




CoIIfiNPIC^I, 

C 0 lLNIIC e H 1 


OH 




> 


NIT C 6 II 0 


Constitution of the Rosamtim Dye bases 

The views at present held legaidmg the constitution of tnphenyl- 
melhane salts have alicady been discussed on pp 497-500, and the 
following paiagtaphs deal with the natuie of the dye bat a which give 
rise to the salts In this connection Ilanlzsch 2 has diawn a numbci 
of conclusions ftom a physico-chemical examination of the conductivity 
of the system dye-salt -\- 1 NaOIi 

When ciystal violet (the hydioehloiide of hexamolhyl-ltiamino- 
liiphenylmethane) is tieated in solution with one equivalent of alkali, 
the colouied solution first obtained is stiongly alkaline and conducts 
the electnc cuuent In time, howcvei, it becomes colouiless, and finally 
both alkalinity and conductivity disappeai logelhei It appeals 
therefoie that, immediately aflci the addition of an equivalent of alkali 
to crystal violet, the actual base of slruclute («) is picscnt in solution, 

1 Baeyer nnd Villiger, Bet , 190 j, 87 , 2870 8 IlanUbch, Bet , 1900, 8a, 378, 753 , Bo , 

1904, 87 , 34 34 
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and that tins slowly isomenscs to the dye-base (pseudo-base) of 
foimula (p) 


(«) 

(Ch 8 ) 2 n c 0 Hk 

(CH 8 ) a N C e H/ 

vv 

X)H 

— V 

(?) 

OH 

(CH 8 ) 3 N c 0 H. 1 
(CH 8 ) 2 N C 0 H/ \-= 


~N(CH a ) 2 



Similat lesults aie obtained with othci bases of tuphenyl methane 
dye-stuffs, and the conclusions ailived at by Hant/sch may be 
summamed as follows 

The tine pnmaiy bases of the dye-salts of this senes aie ammonium 
hydioxide deuvattves of the same coloui as the salts They cannot 
be isolated in the solid state but exist only in dilute aqueous solution, 
/ e , in the almost completely ionised condition 1 (foimula I) 

I 

>c- CZ )-°nh, i oil 

Ionised nmmomum base 



Imino b\hc 


Even in the dissociated stale these dye-bases slowly undcigo 
moleculai lcanangcmcnt with vanable but always measuiable velocity 
to foim the pseudo-bases 01 caibmols (foimula HI) When the salt 
of a dye-base such as fuchsine, which still contains hydiogen attached to 
nitrogen, is tieatcd in aqueous solution with excess of sodium hydioxide, 
an anhydio-base of diffcicnt coloui is piecipitated (foimula II) This 
can be cxtiacted with indifferent solvents Fuchsine, foi example, 
yields a biown compound known as Ilomolka's base a These 
anhydiidcs aie lclatcd to the primaiy dye-bases as ammonia is to 
ammonium hydiate The lmino-base is thciefoie not to be considered 
as the actual base of fuchsine, but 1 athei as its anhydt ide With acids 
it is instantly convcitcd into salts of the dye base 

2 Aurines, Rosolio Aoid Dyes 

Compounds of this class possess a constitution similai to that of 
the liuc losanilinc. dyes, although the mtiogcn has been leplaced by 
oxygen gioups , they thciefoie beai the same lelationship to phenol as 

1 these formula) only show lint pat l of the molecule untlei going change 9 This base waa 
first obtained horn fuchsine by Ilomotka and is formulated accoiding to type II above as 
fNOjCBlIOnC C„II, Nil (Bieyci and Vilbgoi, Bet , 190$, B8, 579) 
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BOS 


the losamlmes bear to aniline Hence they aie not baste but weakly 
acidic dyes, which are, howcvei, of much less value than those of the 
losanihne senes, since they are difficult to attach to the fabnc They 
aie chiefly employed in the form of lakes in the papei and wall-papei 
industries In these compounds the quinonoid stiuctuie is assumed so 
leadily—even in the absence of mmeial acid—that the conesponding 
caibmols aie unknown 


HO C 0 H t . 

HO CoITi 

Ann fie, para rosoiic acid 






Roaolic 'icul 


Aurine, pma-tosohe nerd, may be obtained in the pine state from 
paia-iosamline by dia/otisation and boiling the dia/omum salt with 
walei, when NII 2 is leplaced by Oil Technically it is piepaied 
by healing phenol with sulphuuc acid and oxalic acid (the lattei 
furnishing the “methane caibon atom") It foims daik led ihombic 
ciystals or led needles with a giecnish lustie, dissolves m alkali to a 
fuchsinc led solution, and has also weakly basic piopeities since it 
unites with acids When heated to 150° with aqueous ammonia it 
yields paia-i osamhno, and with nascent hydiogen it is 1 educed to 
lenc(muve> tnhydioxy-ltiphenyl-methane, d^CgHi OII) 8 The latlci 
is a eolouiless, crystalline compound which turns ied in an or with 
oxidising agents, owing to the foimation of auimc liianisyl-caibinol, 
the tumethyl ethei of the carbmol conesponding to amine, has aheady 
been mentioned on p 495 

Rosollo aoid, the qumonoid anhydude of / a -ti lhydioxy-diphcnyl- 
w-tolyl carbmol (foimula, see above), is foimcd when the dia/o- 
compound of rosamhne is boiled with watci, oi when a mixtuic of 
phenol and ciesol is heated with aisenic acid and sulphuuc acid (the 
methyl gioup of ciesol piovides the "methane caibon”) It foims 
ciystals of greenish lustie which aie insoluble in watci and dissolve 
to a ied solution in alkalis With 1 educing agents losolic acid is 
conveited into leuco rosohe aetd , luhydioxy-diphenyl-lolylmethanc, 
(HOCttH^aCH C a H a (CII 8 ) OI-I When heated with watci, losolic 
acid bleaks up into /-dihydroxyphenyl-tolyl ketone and phenol 

The phthalans, which may be legalded as caiboxy-deilvntives of 
tnphenyl-melhane, have already been discussed in connection with 
phthalic anhydride 


Trlphenyl-Methyl and Trlvalent Carbon 

The pioblem of the valency of caibon has assumed a new aspect in 
the light of the lecent leseaiches of Gombeig 1 ( cf p 16) 

1 Gomberg, / Am C S , 1900, 28 , 757 , 1901, 25 , 317, 1913, 85 , 446, 1914, 80 , H44, 
1919,41, 1653, 1982, 44 , 1810, 1923,45, igo, 307 Sco also monograph by J Scltmldltn 
Das Ti ipJienyhnithyl) published by Enke, Stuttgart 
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By ti eating tilphenyl-mcthyl chlondc in an atmospheie of C 0 2 with 
ss inc, silvci 01 meicuiy, Gombeig obtained a stiongly unsaturated hydio- 
cat bon which he tetmed tnphenyl-methyl and foimulated accoiding to I 


I II 

C fl H 6 ^C C 0 H 6 ) 3 C = 

C a H 6 / 



On this view of its stiucture til phenyl-methyl may be descnbed as 
tlic fiist compound to be discoveicd containing divalent caibon By 
similai methods a number of analogous compounds have been picpared 1 
This hydiocaibon has aioused gicat intei est owing to its unusual 
ptopcilies The colomless solid compound becomes yellow on solution 
in oiganic solvents, in which stale a colomless dimolccular foim (possibly 
lxexaphcnyl ethane) exists in cquilibiium with a smallci proportion of 
tlic yellow inonomoleculai triphenyl-methyl Ihc unsatuiated pioperties 
of the compound aie lllustialed in ltsbehavioui towaids oxygen and the 
li alogens, as well as in the fonrution of additive compounds with various 
classes of oiganic substances In the an it immediately absoibs 
oxygen with the pioduclion of a peroxide, (C n II 6 ),jC O O GXCqII^j, 
m p 185° A solution of iodine is immediately decoloiised by litphenyl- 
m ethyl to fonn t) iphenyl-mcthyl iodide , (C n I-I 5 ) n CI, mp 132° With 
etlici a ciystallme compound of the composition 2(G 0 II 6 ) a C+(C a H e ) 2 O 
is obtained, in which oxygen appeals to be tclravalcnl Estcis also 
combine with triphcnyl - methyl, giving compounds which piobably 
possess the annexed sliucLiuc Ketones, aiotnalic 
and unsaturated aliphatic hydiocaibons, etc, also 9 


give addition ptoducLs, that with amylcne, foi 
example, having the formula [(G a II 6 ) J GJ 2 -('C (i II 10 
riic cxpciimcntal evidence so fai available shows 
tlnat when ti iphcnyl-melhyl combines with another 



svibalance, each valency of the lattei which is bi ought into play 


nivanably takes up 011c (G fl II 0 ) g C-comp!cx, icgaidlcss of the stability 
of the lcsultmg pioducL Amylenc and all aiomalic hydiocaibons, as 
w'dl as elheis, estcis and ketones, take up in a unifoim mannei two 


it lphenyl-methy] gioups pu molecule 

Although foimula I above is 111 good agi cement with the chemical 
bohavioui of tuphenyl-mclhyl, it is not suppoitcd by the fact that the 
compound can exist in the dimoleculai stale in solution Hence it has 
met with a ccitain amount of cnticism 2 and othei suggestions have 


1 Ponl'tphunyl ethyl, bchlcnk ami M irk, Bet , igaa, SB 2285, 2299 For othei com¬ 
pounds seo Schlcnk, Atm , 1909, 808 , 303 , 873 , 1 J Sdimullin, Bet , 1912, 4B, 3171 Sclilenk 
anti Boinhaidt, Bet , 1913, 40 , 1482 fl Noirls and Stndm, / Am C S, 1901, 36 , 54 i ri 7 > 
1903, 20, 129 Kchimaun, Ber, 1901, 84 , 3815, 86, 622 Ileintschel, Bet , 80 , 320, 579 
U 11 m inn ind llorsuni, Bet, 86, 2877 1 sell us chib ibin. Be/ , 1904, 87 , 47 ° 9 1 68, 771 
J-vcobson, Bet , 88, 196 Ilalit/sch, Bet , 1906, 80 , 2478 
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been advanced, moie particulally in connection with the strucluic of 
the dimoleculai foim Among the lattei should be noted foimula II 
(p 509), suggested by Jacobson, 1 according to which the hydiocarbon 
is of qmnonoid type, viz, 1-diphenyl methylene-4-tnphenylmcthyl- 
cyclohexadiene-(2 5) While this constitution does not completely 
explain the chemical piopeities of ti lphcnyl-methyl, it supplies a 
satisfactory 1 eason foi the dimoleculai state and avoids any assumption 
of tuvalent caibon Thus it is seen that a numbci of facts can be 
quoted for and against both of the foimula; I and II Gombcig 2 
concludes that the piopeities of tiiphcnyl-mcthyl and its analogues 
are piovisionally best expicssed by assuming an cquilibuum of the 
following type between the mono- and dimoleculai compounds in 
benzenoid and quinonoid foims 


(C 0 H 6 ) s C 


A 


(C 0 HAC C„H 



H 


(C c II fi ) a C C(C a II 6 ) 

A 


1 


> 


(C 0 IL) S C 


Ncjl, G(C fl II & ), 

TT/ 


Tuphenyl-methyl undoubtedly occuis m two modifications in 
solution, a colouied monomolccular foim bung in equilibrium with 
a coloui less dimolecular form On the olhci hand, L lbiphenyl-methyl, 
(C 0 H e C 0 II 4 ) 3 C occuis only 111 a puiple monomolcculai foim, and the 
investigation of this compound has gone fat to establish the existence 
of tuvalent caibon 

Metalllo Ketyls—Anothci gioup of compounds containing tuvalent 
caibon has been discoveied by Schlcnk m the metallic ketyls, 3 of the 
geneial foimula shown below I hey ate fotmed by the action of 
alkali metals on ketones, and ate chatactciiscd by intense coloui and 
gical sensitiveness to oxygen Tuvalent caibon theiefoie appeals to 
bell ay itself in its strong chromophoi ic influence In geneial, the 
interaction of an alkali metal and a ketone falls into one of the Ihiec 
following classes 

1 Wheie an cnolic foim can occui a metallic compound is piocluccd 
with evolution of hydiogen, as in the case of acetone, which icacis as 
the enol CI-I 2 C(OII) CII a 

2 The alkali metal may combine without evolution of hydiogen 
to foim a satuialed dimoleculai compound 

ONa ONa 

R'x R'v | 1 Ai' 

a J>CO + 2Na *== >C-C< 

r"/ R"/ \R" 

1 Seo Note a on p 509 a Gombgrg, Bey, 19131 40 , sag 
1913, 46 , 2840 


D Schlcnk md Dr>l, Bet , 
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3 The alkali metal may combine dnectly to yield a metallic ketyl 

R'v R'v 

>C 0 hNa « >C V 
R"/ R"/ x ONa 

Sodium kctyl 


IV —TETRAPHENYL METHANE! GROUP 

Tetmpheny 1 -moth an©, (CqIIjJjC, can be prcpaied fiom tnphcnyl- 
carbinol The lattci, on healing with aniline liydiochlonde, yields the 
hydtochloiidc of p-amuio-tettapJienyl-metherne, and fiom the fiee base 
(m p 24 5 0 ) the amtno-gioup is eliminated by the diazo reaction 

(Cfliic)iC on —> (C t} n n ),c-c 0 ii t nii 2 —>■ (c^c-cji. 

It has also been shown by Gombcig 1 that letiaphenyl-mcthanc 
is teadily obtained by the action of phenyl magnesium biomide on 
tnphenyl-methyl chlonde 

(C u II r ,) a C Cl I C„II 0 MgIh - <C 0 II fi ) 4 C ) MgBiCl 

It foims colomless ciystals, m p 282° and bp 431° 

If tnphenyl-caibinol is heated with phenol, instead of with aniline, 
the insulting ptoducl is \>-hydro * y-tetiaphcnyl-methane., m p 282° 

c(c 0 n r> ) B on 1 c 0 ir 0 on - c(c l ,n fl ) 8 {c fl n J on) i up 
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ETHANE GROUP 


Dibenzyl, s diphenyl~ithnne i C 0 II fl CII^, CII a C 0 II 5 , can be picpaicd 
by the action of coppoi 01 sodium on ben/yl chlondc, 

C 0 TI 6 CII a Cl -1 Na a -( Cl Cir a C (( ir 0 - C„II 0 CU 3 CII a C 0 II fi l 2 NaCl 

by the oxidation of toluene with potassium pel sulphate, 

2 CjIIj; CII 8 I IC a SP 8 - C 0 II c CXI, CII B C 0 II fi i- K a SOj 1 IlaSOj 

and by the 1 eduction of stilbcnc with sodium and alcohol 

C„II r , CII CII C 0 I1 6 H 2ll « C 0 II 6 CII a CXI 2 C 0 IX 6 

Ilomologues of dibciwyl may be obtained by similai methods, eg, 0 , 
in- and /-xylene on oxidation with potassium pei sulphate yield o r> m £ - ) 

and / a -dtmethyl-dibcn/jd lcspectlvcly 

Diben/yl foims a glistening white ciyslallmc mass It melts at 

52 0 , and boils at 284°, 

StUbene, s -diphenyl-ethylene, C G II 6 CII CII C 0 II 6 , has. been known 
a long Umc and is foimcd in a gicat many icactions It is best pie- 

1 Gomborg, Bet , 1906, 80 , 1461 Freund, Bet , 80 , 2337 
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pared by the interaction of benzaklehydc and benzyl magnesium 
chlonde, the carbinol first pioducecl immediately pailmg with watei 

yCH a C 6 H 0 yCII a C 0 II e 

C fl H 6 CH 0 +Mg< ->- C 0 H 6 CII< -> 

^Bi X)MgBr 

yCii 2 c 0 h 6 .no 

C a H. CH< ——> C 0 H 6 CII CH C 0 H fi 

X)H 

By this method a gieat vatiely of substituted slilbcncs have also 
been obtained, eg, a-phenyl-sttlbene, 01 tnphenyl-ethylcne, (C 0 II 0 ) 2 C 
CII C 0 H S , which melts at 68° and boils at 221° undei 14 mm 

Anothei method of picpaiing stilbene consists in heating an alkaline 
solution of phenyl-mtiomelhane 

2C 0 II 0 CII NO ONa - C 0 I-I 8 CII CII C tt H a d 2NaNO a 

This may be much moie leadiiy effected by stalling fiom the sodium 
compound of phenyl-mlio-aceloniliilc, which is easily obtained fiom 
ethyl mUate and benzyl cyanide 

2C„II 6 C(CN) NO ONaH 4 Na 01 I |-all 3 0 

- C 0 II fi CII CII C„II 5 I 2Na 2 C0 8 1 aNII B I 2 NaN 0 2 

Stilbene ctyslalhses in lustious plates 01 pnsms, mp 124 0 and bp 306° 
It yields dibcn/yl on 1 eduction, and icadily adds on halogens and 
hydiogen halides, eg with biominc it foims stilbene chbiomidc, 

C 0 H 6 CIIBi CHBi C 0 II 6 

/•-Nitrostllbene is pioduced by the Intel action of bcn/aldchyde and 
niliophenyl-acetic acid in the piesencc of pipcudine 1 

C 0 II fi CIKM II 2 C(C 00 II) C 0 II, N0 2 ->- C,|II r , CII C(COOII) C 0 II, NOj ->■ 

c fl n 6 cn cn c 0 iij no 2 

It foims yellow needles, m p 155° and exists also in a labile modification, 8 
mp 64° With stannous chloude it is easily leduccd to colouiless 
/-amlno-stllbene 

^-Diamino-stllbene, NII g C 0 II t CII CII Cylli NII a , and its 
disulphonic acid aic used in the picpaialion of substantive a/o dyes 
They aie obtained fiom /-mtiotoluene 01 its sulphomc aud When 
p mtiololucne sulphomc acid is boiled with sodium hydioxide it yields 
^-azoxy-stilbcne disulphomc acid, fiom which on 1 eduction with /111c 
dust and alkali is obtained diamino-slilbenc chsulphonic acid 

Tolane, diphenyl-acetylene , C 0 II B C^C C Q II f)) is piepated fiom the 
above>mentioned stilbene dibromide by boiling with alcoholic potash 

C 0 H 6 CHBr CHBr C fl II 6 + 2K.OII = C 0 II 5 C C C 0 II 5 | 2ICB1 h2ll s 0 

'F Pfeiffer and Scrgiewskip,^r, 1911, 44 ,1107 P01 utilbenc 0 cm boxy he 'icids, acc Pfeiffer 

and Mutton, itu !, p 1113 4 R Stoormer and Oehlert, Bt> ,1922,65,1232 
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Tolane unites with two oi foui atoms of halogen and also with nitiogen 
puoxide It melts at 6 o° 

Ceitain alcoholic and kctonic deiivativcs of diben/yi aie of intciest 
When ben/aldehyde is wanned in alcoholic solution with potassium 
cyanide it yields ben/oin, a kcto-aleohol of dibcn/yl The mechanism 
of the condensation is not yet undei stood 1 

2C u IT 0 GIIO - C 0 II B GO CIIOII C 6 II fl 

Ben/aw 

Phis 1 cacti on is a genual one, and may be earned out with othei 
aldehydes of the same type as bcn/aldchydc 

Benzoin ciystalliscs in colomlcss, odoutlcss pi isms, mp 137 ° It 
leads both as a ketone and as a sccondaiy alcohol liuts it yields an 
oxime and an osa/onc, and also cthcis and cstcis On i eduction with 
sodium amalgam hydiobcn/oin is foimcd 

o on on on 

C (1 II r , G—C1I all =• C„II 6 Clt-CII G a II fi 

Ilythobcn/om 

Ben/om contains an asymmetne caibon atom and has been synthesised 
in d~ and /-foims by McKen/io and Wien * 

HycU'obenzoin, s -diplnnyl~qfytol^ is picpaied as descubed above, oi 
by the dncct teduelton of bcn/aldchydc by chemical oi clcctiolytic 
methods It is also obtained fiom stilbenc dibiomidc, C 0 II B GIIBi 
CIIBi C e II c , by tieatment with potassium acetate oi silvei acetate and 
hydiolysis of the icsulting diaeetyl estei It contains two similai 
asymmetne caibon atoms and thus exhibits the same type of lsonictism 
as taitanc acid I he icactions alicady quoted actually yield a vanablo 
mixtuic of the two inactive foims, hydiobanouti mp 134 0 , and 
isohj’dt oh’>t oitt, rap 119 0 I he latlei icpiesonts the laccmie type 3 
and can be' lesolved into its two oplie.dly atLive components 

Steieoisomeii< diphcnvlethylenc oxuics have been piepaiecl fiom 
hydiobcn/oin by Iteacl 1 I he symmctiical compoiuid I is inactive, 
but the dissymmetnc oxide' II exists in a laccmie foim and in two 
optical lsnmus of high activity 


Bh Ph Ph H 



V 


\/ 

( 

It 

0 



0 




II II II Ph 

1 A [KM'iibli. explanutioii of the sponin lUion of the cy midi, in cfreclm^ tins condonsuUon has 
been suffffCMcd by A I ijmouhi / 6 >S’ , 1 yo.i, S 3 , 9 95 J / ( A , 1908, 08 , 309, 19091 

0B,583 f igi 3 , 103 ,iia M f*rlemncycr, j«n„ i/o , 1H97, 80 , 1530 1 J Reiul 

1080 , 17) 
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DIBENZYL OR DIPHENYL-ETHANE GROUP 


If benzom is leduced with /me and alcoholic hydiochlonc 01 acetic 
acid, instead of with sodium amalgam, the alcoholic gioup alone is 
attacked and desoxyben/ont foimed 

o on o 

C^IIfl C-CII C.,11, tall = C U II 4 C—CIIj C 0 II fl I II 2 0 

Dc oxyben/ofn 

Desoxybenzoin, ben yl-phenyl-ketone, is genu ally picpaied by the 
above method It is also foimed by the usual methods foi piepaung 
ketones, eg, by distilling a iruxtuie of calcium ben/oate and calcium 
phenyl-acetate, 01 fiom phenyl-acetyl chlondc, C fl II B CII 2 CO Cl, and 
ben/cne in the ptescncc of aluminium chlondc It ciystalhscs in 
colouilcss plates, mp 6o° and bp 314 0 , and on encigctic 1 eduction 
yields dibenzyl Desoxybenzom lcsembles accto-acctic cstci in that 
one hydiogen atom of the methylene gioup is icplaceablc by sodium 
and alkyl gioups 

CII, 

C 0 II S CO CIINa C 0 II 6 -t ICII 3 = C B II fl CO CII C 0 II 6 I Nal 

Methyl desox> buuciio 

The piescnce of a secondaiy alcoholic giouping in bcn/oin is also 
shown by the behavioui of the compound on oxidation with nitiic 
acid, when =CIIOII is convetlcd into —CO with the pioduction of 
chbcii7oyl oi benzil 

C fl II 6 CO CHOH C„H fi + O - C fl Ha CO CO C 0 H B t II a O 

Benzil 

Benzil, dibenzoyl, diphenyl-glyoxal, forms yellow pi isms, mp 95 0 
Owing to the case with which it is piepaicd, it is one of the most 
accessible of the a-dikeloncs Among its dcnvativcs the oximes aie of 
special intciest, since the study of these compounds has conti ibutcd 
laigcly to 0111 knowledge of the steieochcinistiy of the nitiogen 
atom 1 

I wo monoximes and thiee dioximes of bcn/il aie known An 
examination of the chemical behavioui of the monoximca has led to 
them being assigned the following space formulae 2 


Cfll Ifi 


C—CO CJL 

11 


HO—N 


{t-Bcnzil mopoxime 
m p 140° 


Qll 


■C—CO CflIL 

I! 

N—OH 


p Benzil monoxime 
m p 113 0 


1 V Meyer nncl Auwers, Ber , 1888, 21, 790, S r 5 H^nt/sch tdc! Weinei, Bet , 1890, 23, 11 
Bccknnnn md Kostei, Ann , 1893, 274, 15 ibebe 11 e the newei 111 uigements as proposed 

by Meibcnhejmei 1 or prepaiation see I W J Tnyloi and M S Mirks,^/ C S t 3.030, 2302 
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Foi methods of dctci mining the configuiation of the steieoisomeric 
kctoximcsj see p 58 

The configuiations of the tluce lsomcuc betml-choximes ate now 
wntten as follows, involving a tiansposition of the formulas previously 
ascubed to the «- and /3 foims 1 


C 0 IX a —C—C—C u II a 


HO N N Oil 


a or anix form 
nip 243 244 0 



C-C—C„H 

II II 

N Oil HO N 

£ 01 syn form 
m p 206 


5 


C e H & 


-c-c-c 0 H B 

N OH N OH 


7 or amphx form 
nip 16 \ 165° 


A pecuhai piopeity of bciml is the change it undeigocs when 
heated with alcoholic potash, when an lnliamolcculai icailangcment 
Lakes place with the foi malion of bcn^ihi and 


CflII fi —c=o 

—C=0 

Benzil 


IV) C “ n «\ c / 011 

*" c„n/ '•coon 

Bctmlic acid, m p 150° 
(Diphenyl glycollic icid) 


I Ins lcaclion lesemblcs the conversion of phenunthinquinone 
into dtphcnylcne-glycolhc acid (p 492), and of /3-napbthaquinones 
into oxmdene-caiboxyhc acids 


s Tetiaplionyl ethane, (C ft II f )^Cn Cn(C 0 II fj ) , ib obtained m various ways, e t* 
by the interaction of chloial and bcn/cnc 111 the presence of aluminium chi01 idc 
It foims colouiltss ciysiils, m p 207 5* mcl b p 379 to 383° 

Uneymmotiioal totiaphenyl othano, (C 0 II fi )iC CIIj 1ms been piepaicd 

by the action of bon/yl magncbium chloride on Uiplicnyl chloiomethanc 2 

CC 6 II 0 ) t G U\0 0 U 5 UI b MgGl =t (C ft II 0 )jC CII B G 0 IIi t-MgGJ B 

It ciystilliscs m monochnic ct>stn 1 s > m p 144 0 

^TotiapIionyX etuyleno, (CoII^G C{C fl II fi ) 2 , nip 221 0 , can be obtained by the 
action of /mil dust on ben/ophemme chloude 

Pontaphonyl othano, (QII^C CU(C fl n D )o, icsults when a im^tiue of diphenyl 
bromo mulianc and triphcnyl chloio methane, in etheieal solution, is treated with 
magnesium 3 It melts about 175 0 to 180 0 

CC e n 5 ) 8 C CllMgi Bi IircCoII^ = CUII^G CII(O 0 n D ) 3 l MgCiBr 

Ilydiocaibons containing phenyl gioups linked to unsatmated 

1 J Mciscnhcnnci, Ann , 1929, 400 , 130 In accordance with 1 proposal of Ilant^sch the 
terms s\ti , anti and amfifn me employed in the eeine indicated in the above foimulce nt 
deacnbnig tlio tteieoisomeuc dioximcs (See also gencial notes in the chaptci on (, Slerco 
chemist!y ") 2 Gombeig and Gone, Ba , 1906, 80 , 1 ^6r 
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HIGHER IIOMOLOGUES OF DIPHENYL ETHANE 


carbon have the propcity of uniting dnectly with alkali metals, 1 as 
in the following examples (C 0 H e = Ph) 

2N \ 

Pli 2 C CPh, -^ Ph,C(Na) C(Na)Ph J 

2 Ph 2 C CHj -—*■ Ph a C(Na) CII 2 CII 2 C(Na)Ph„ 

A similai addition is obseived with ccitam hydiocaibons in which 
un&tituialed caibon is linked to othei unsaturated gioups 


VI 


HIGHER HOMOLOGUES OP DIPHENYL-ETHANE AND 

THEIR DERIVATIVES 


Whcieas the compounds aheady desciibed in this chaptei contain 
aromatic residues linked togethei by one 01 two "methane” carbon 
atoms, a numbei of substances aic also known 111 which a longer 
aliphatic chain is present between the aiomalic gioups 

Dlbenzyl-motliane, uy chphenyl-ftropane^^A^ (CH a ) a C 0 H fi , bp 2 gg°, 
is foimed by 1 educing dibenzyl-kclonc, C 0 II B CII a CO CH a C 0 II B 
(in p 40°, b p 330°), by means ofhydnodic acid Ihc ketone is obtained 
by the djy distillation of calcium phenyl-acetate® Wc may also 
considci as deiivattvcs of dibeivy 1-methane ceilain of the polyketones 
discussed in previous chapters, which ate of mteiest in connection 
with the theoiy of taulomciism Among these aic dtbenzoyl-methane, 
(C c II fi CO) 2 CH 2 , diben»oyl-aieiyl-methane % (C u H 5 C0) 2 CH(COCH,), and 
t) tbcH&ayl-methane, (C 0 II 6 CO) 8 CII 

ay-Teti'aphenyl propane, (C a H B ) 2 CII CH a CII(C 0 II 6 ) 2 i m p 139°, is 
foimed by the 1 eduction of tetiaphenyl-allene with phosphoms and 
hydrogen iodide, 01 with sodium and alcohol Tetraphenyl all one 3 is 
pioduccd when the barium salt of diphenyl-acetic acid is distilled, 
Ictiaplienyl-acetone bung obtained as an inLci mediate piocluct 

, - BaCOj 

(C 0 II r ,) 2 CII CO O Ba O OC CH(C n II fl ) 8 -£ 

(C.IIJ.CII CO CII (C 0 H„) 2 (C fl II B ) 4 C C C(C fl II fi ) 3 

leti iplienyl Tcetonc ItUnphcnyl nllenc 

A moie convenient method of piepaiation is fiom benzal-acctophenone 3 
It foims colouiless ciystals of melting-point 164° to 1G5 0 

Dibenzyl-etlmne, aft-diphenyl-butane, C 0 H f) CI"I 2 CI*I 2 CII a CII 2 C 0 II E , 
mp 52°, has been obtained by the 1 eduction of diphenyl butylene, 

C 0 II B CII CII CI-r 2 CII, C 0 Hj 

Diphenyl-dlacetylene, C fl II n C~C—CEEEC C 0 II c , the parent hydio- 
caibon of indigo blue, is obtained by the oxidation of cupious 
phcnyl-acctylide, (C 0 II 6 C ' C) a Cu As will be seen latei, its oitho 
dinitio-dciivativc may be convcited into indigo 

1 TV Schlcnk anti E Beigntann, A/in, 1928, 468 , 1, 98 B II Apitzscli, Bet , 19°1) 87 , 
1428 8 Voiltntler '»nd Siebert, Bet , 1906, 3 D, 1024 
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XIV 


Condensed Polynucleai Compounds 

Undei this heading aie described compounds containing several 
benzene nuclei linked logclhei in such a manner that each pair 
possesses two carbon atoms m common, as in the following foimuke 


nc c cn 

iic^v^ch 


IIC C CII C CH 


lie 


HC 




lie ^ CEL 

Niphth'ilcnc 


CH 


nc 






CH 


As 

HC ~ CEL ° CH 

Anthracene 


CEL 


CH 


CH C 


HC 


< 



c c 


CH 

= \C 


CII 




CH 


CH CH CII 

Phenanthrenc 


CII 


these hydrocaibons, like benzene, aie found in coal tai, and as 
might be expected ate on the whole aiomatic m chaiactei 

An example of a compound formed by the combination of benzene 
nuclei with a five-membeicd caibon ring has pieviously been met 
with in fluotene Owing to its genetic lelationship to diphenyl- 
methane, howevei, this substance is moie conveniently treated in the 
foiegoing chaptei Anolhci compound consisting of a ben/ene 
nucleus condensed with a five-membeicd ling is indene This is 

only of secondaiy intciest and is treated bitefly in connection with 
naphthalene 


Naphthalene 



Naphthalene, C 10 II S , is obtained ftom the fiaction of coal lar known 
as "middle oi caibohc oil," boiling between 170° and 240° (see p 368) 
The ciysLals which deposit fiom the oil on cooling aie sepaialed undei 
picssuie fiom liquid impunLes, and fuilhei puiified by heating with 
a small amount of sulphuric acid and subsequent sublimation 
Naphthalene foims shining white lhombtc leaflets of an unpleasant, 
penelialing smell and burning taste It melts at 79 0 , boils at 218° 
and veiy leadtly sublimes It is insoluble in watei, dissolves with 
difficulty in cold alcohol, but leadily in hot alcohol 01 in elhei 
With picnc acicl it forms a double compound C 10 II 8 , C 0 H 2 (NO 2 ) a OII, 

2 K 2 
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NAPHTHALENE GROUP 


m p 149°, by means of which it can be quantitatively estimated 1 Ihc 
occturence of naphthalene in coal tar is piobably due to the ease with 
which it is fotmed when oigamc substances aie heated to a high 
tempeiature in absence of an It is a compound of gicat mdustiial 
value, serving as it does for the piepaiation of naphlhols, naphthyl 
amines, etc, for dye-stuffs, and also of the phlhalic acid requited in 
the synthesis of indigo Its use as a picvcntnlive against moths 
is well known 


Constitution and Synthesis of Naphthalene 

The symmetrical foimula foi naphthalene given on p 517, accouhng 
to which two benzene lings are joined togclhei with two caibon atoms 
m common, 2 was first put forwaid by Etlcnmeyei in 18GG Although 
insufficient to meet all the facts of the case, this foimula satisfactory 
explains the isomeiism obseived among naphthalene derivatives, and 
if modified m accordance with Thiele’s theoiy of paitial valencies 1 
also gives a good repiesentation of the chemical behavioui of 
naphthalene It will be lemembeicd that a somewhat sinnlai 

difficulty exists in connection with the ICckuK 
formula foi benzene Pi oof of the piosencc of 
two benzene lings, having two adjacent caibon 
atoms 111 common, is furnished by the behavioui 
of naphthalene and its substitution pioducts on 
oxidation 4 When naphthalene itself is oxidised it 
yields phthaiic acid (see p 443) Consequently the 
formula C 10 H a of naphthalene may, as a fust step, be expanded to 

C 0 H 4 = C 4 H 4 Now a - nitro - naphthalene, which is obtained fiom 
naphthalene on tieatment with nitric acid and which may be supposed 6 
to have the nitro-gioup attached to ben/enc ling I (p 519), yields 
on oxidation mtio-phthalic acid Hence in this case the bcn/cnc 
nucleus I lemains intact and the gioup is again oxidised away 
to two caiboxyl gioups, leading to foimula a foi naphthalene If, 
however, mho naphthalene is icduccd to the amino-compound and 
subsequently oxidised, phthaiic acid and not amino-phthalic acid is 

obtained Heie nng I has been destioyed and II lemains unchanged, 
thus giving formula b foi naphthalene 

On compaung the formulae a and b , it is seen at once that the 
gioup C l H i must be united to two adjacent caibon atoms of the nng 



1 W P Jonssen and J Rmten, Chm Wukbhd , 1909, a, 3 6r J Umymmctucil fonm.H 
or mphthalene have lately been advocated by Auwers and P rtthling {Ann , roai, 422 21 0 ind bv 

“X' «; d = ’Vi'T 

riLtri 11 ; ih -——«.-% i-rcs 
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I 01 II lo foim a new benzene ting, te t that naphthalene must consist 
of two symmetucally joined bcn/cnc nuclei 


NH, 


NO 


IIOOC 



II 


Oxi 



•4 


dation 



I 


II 


HOOC 

Phtlinht acid 



Reduc¬ 


tion 



I 


II 


a Amino naphthalene 

NO, 


coon 


1 \Ay' 

a Nitro naphthalene 



I 


Oxidation 


^/^COOH 

N itro phtlnlic acid 


C t II 



II 




I 


II 






C H 

y '\ ri X 


Formula a 


l* or mu \ \ & N aphlhakne 

This sliuctuic is also confiimcd by a numbei of syntheses of naphtha¬ 
lene and its det ivativts, among which the following may be mentioned 
i Naphthalene is foimed when phenyl-butylene oi its dibiomide 
is led in the vapoious state ovu icd-hot lime 


C a II 6 


/ 


CII a —CH 


2 


> c 0 n 


CH 


S' 


II 



CII—CH 
CH—CH 


+ 2H 


s 


Phenyl butylene Naphthalene 

2 Baeyei and Pei kin obtained naphthalene and denvatives of 
tcti ahydi o-naphthalcne by biinging o xylylenc dibromide into leaction 
with the disodium compound of ethane tetiacai boxy lie estei 


CHoBr NaC(C0 2 C 2 H s ) 3 

C 0 II,< + I 

CIInBr NaC(CO a C a H s ) a 



CflU, 



CH 2 —C{C0 2 C 2 II 6 ) a 
CII s -C(G0 2 C 8 H a ) 2 

Ethyl tctrahydromnhthalcne 
tetra carboxyl ate 

When the ester so obtained is boiled with alkali it is hydiolysed 
with the simultaneous icmoval of caibon dioxide, to give tettahydio- 
naphthalenc dicaiboxylic acid, fiom which, by distillation of the silver 
salt, naphthalene itself was picpaicd 


CqII ^ 



CII, CII COoH „ a co 


e 


CH 2 CPI C0 8 II ~* n 

fotrahydronaphtlnlciie dicaiboxylic acid 


C„II 



CII=CPI 

CII=CII 


N aphthalonc 
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3 Phenyl-isocrotonic acid, on being heated, is converted 
a-naphthol, a monohydroxy denvative of naphthalene 1 


into 


HG r CII 


HC 




CII 

/ 


lie c CII 

hc^yVih 


CH 


a 


PIC 


4 PLO 


CII 


CH COOPI 

Phcnyl-isociotonic icul 


PIC ° C OH 

a-N aphthol 


4 When cmnamyhdene-hippuiic acid, oi the cinnamyl-pyruvic acid 
obtained from it on decomposition, is heated with concentiated hydio- 

chlonc acid at no 0 to 120°, a-naphthoic acid, and finally naphthalene, 
is pioduccd 2 

CII 

/N/Vh 


V 


II a O 


CH, 


> 


/ 
oc 

/ 

COOH 

Cinmmyl pyiuvic acid 



-CO 


9 


Naphthalene 


coon 

a-Naphthoic acid 


5 o Xylylene cyanide condenses with compounds such as o-diketoncs, 
ketontc estets and oxalic esters, in the picsencc of sodium ethoxide, to 
yield naphthalene dcuvatives 8 


CHI 


0 4 



CPI a CN 
CII, CN 


+ 


CO R 

I 

CO R 


1 


y C(CN) C R 

- c 0 h/ \ 

^C(CN) C R 


\ 2lX a O 


Isomerism of Naphthalene Dei ivatives 

Fiom the foimula foi naphthalene it is possible to pi edict the 
existence of a number of isomenc substitution ptoducls In older to 
indicate the position of substituent atoms oi ladicals, use is made of 
one oi other of the following systems 




It will be seen that even the mono-dei ivatives of naphthalene can 
exist in two senes, according to whether oi not the substituent is 
attached to an atom adjacent to one of the two carbon atoms common 

1 rung and Erdmann, Ber ,1883,10, j.3 Ann t 2 * 76 , 284 
B** \ 1 9 02 » 8B * 384 3 O Hmsberg, Be? , 1910, 48 , 1360 


3 E Eilenmeyer and ICunlm, 
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to both lings Those compounds foimed by the icplacement of one 
of the four equivalent hydrogen atoms i, 4, 5, or 8 are known as 
a-compounds, and those obtained by substituting one of the foui 
equivalent atoms 2, 3, 6, or 7 as /3-compounds Whetliei a ladical is 
attached in the u- 01 /3-posilion can frequently be determined by 
oxidising the substance under consideiation to the coriespondmg 
phthahc acid derivative (cf p 519) 

A disubstitution product of naphthalene may occui in 10 isometides 
if the two substituents aie similai, 01 m 14 isomendes if they aie 
diffeient With the entry of moie than two atoms or groups into the 
molecule the numbei of isomendes is veiy much laiger 

Compounds in which two substituents aie attached to two adjacent 
carbon atoms conespond in then bchavioui to the 01 tho-derivatives 
of the benzene senes Similai behavioui with lespect to anhydnde 
foimation and condensation is also shown by 1 8- 01 4 g-deuvatives, 
these positions being known as /^-positions Peri - derivatives 
possess in an enhanced degiec the piopetties charactenstic of 
0-compounds This may be seen fiom a comparison of pen- amino- 
naphthoic acid with anthianilic acid, of naphthalic with phthahc acid, 
and of 1 8-naphthylene-diamine with o-phenylenc-diamine In all 
cases whete 0-diamincs aie able to take up a new element to foim a 
five-membered ling-system, the /ez^-diamines can similarly form a 
six-membeicd ling In the lattei case, howevei, the leaction occuis 
much moie leadily than with the 0-dei ivatives 1 

Chemical Behaviour of Naphthalene 

As alieady stated, naphthalene shows m gcneial the pioperties 
chai actci lslic of aiomatic hydrocaibons It icacts with halogens, 
nittic acid and sulphunc acid in a similai mannci to benzene, with 
the foimation of chloio-, nitio- and sulphonic derivatives In many 
ways, howevei, it diffeis fiom bcn/enc 

The chief distinction between benzene and naphthalene is the case 
with which the latter foims additive compounds, the addition beginning 
at the «-posilions (compaic foimula on p 5 18) 

In this lc&pect naphthalene is less saluialcd than benzene On 
1 eduction, foi example, it fiist yields a^g-dihydio-naphthalcne, and on 
oxidation it icadily gives a-naphthaqumonc (see index) Halogen is 
veiy easily added on, and as in the case of dnect substitution, again 
leads to the exclusive foimation of a-dcrivativcs Exceptional behaviour 
is shown on sulphonation, which yields a mixtuic of a- and jQ-sulphonic 
acids 

«ja a -Dihydro-naphthalene. A 2 - diliydr o- naphthalene, C 10 H 10 , is 
obtained when naphthalene is 1 educed with sodium in boiling alcoholic 
solution It melts at I5°and boils at 212 0 On oxidation the compound 

1 Bimbcrgor, Bet , 1887, SO, 241 Shelia, Ann H 1909* 886, 53 
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is converted into o-phenytene-diacetic acid, piovmg that the hydiogen 
atoms have assumed the i 4-position, in accoi dance with Thiele’s theoiy 


IIC CK 


IIC 
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Dihjdio n ipluli ilenc 
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'^xNcil, cooii 
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II 

IIC CH 

/\ C /\ 


IIC 


CII 


I-IC CH„ 

A'-Dihydro naphthalene 


Dihydio-naphthalene lescmbles ethylene m its unsatuiatcd pto- 
peitics, two monovalent atoms 01 gioups (H 2 , Bi 2 , IIOC 1, etc) being 
readily added on to the /3 a j6 i positions On the olhci hand, dihydto- 
and tetrahydio-naphthalcnc both possess the tendency chaiactenstic of 
pmtially hydiogenated aromatic systems to pass into tme aiomatic 
types, as shown by then decomposition meiely on heating to give 
naphthalene and hydrogen If symmctiical A 2 -dihydio-naphlhalene 
is heated to 140° with 5 pci cent sodium ethylate solution, 1 the position 
of the double bond is shifted with the foimation of A^dihydro- 
naplithalene (II), mp ~~7° I he constitution of this compound is 
shown by the pioduction of hyclrocmnamic-ff-caiboxyhc acid on oxida¬ 
tion with peimanganatc, 111 the same mannci as A 2 -dihyd 10-naphtha lene 
gives tf-phenylcne-diacetic acid 

1 2 S 4-Totaallydro naphthalene, tetralin (III), has lecenlly 

become leadily accessible 2 and is piepaied mdustually on a laige 

scale In the technical prcpaiation, naphtha¬ 
lene is fii st fused with finely-divided metals 
of low melting-point in oidei to lcmovc sulpluu 
and othei compounds, which would “poison' 1 
the catalyst used in subsequent opeialions 
The punfied naphthalene is then placed in an 
autoclave piovidcd with staring appaiatus and 
ticatcd with hydiogen undei picssmc, in the 
picscnce of a nickel salt, lhe leaction slows down aftei foul atoms 
of Iiydiogen have been taken up As the change is an exotheunic 
one, heat need only be supplied to start the 1 eaction 

The tetrahn of commeice is a colouiless liquid, bp 206° to 208°, D 20 
o 974 to o 976, m p — 30° to — 27 0 , and flash-point 78 0 At the oidinaiy 
tempeiatiue the substance is stable, but the hot vapoiu is oxidised m 
an Tctialm is a good solvent foi sulpluu, fats, lcsins and many othei 
01 game products, and hence is employed industi tally as a solvent 111 the 
pieparation of varnishes and lacqueis, and admixed with ben7ene and 

1 F Straus and Leinmel, Bn , 1913, 46 , 232 For dihydio niphtlialcne, see also WilUttitter 
and King, Bei , 1913, 40 , 527 2 G Schroctei, Am , 1922, 486 , 1, 17, 83 Be) , 193 j, 6V, 
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alcohol as a fuel foi internal combustion engines I’uie teliahn is 
obtained ftom the sulphonic acid by the action of supei heated steam 

(bp 206 5 0 at 755 coil ) 

When tetialm is tieatcd with biomine 1 it behaves in the same 
mannei as an alkyl ben/enc In the cold, no inaction takes place in 
the absence of light, but on the addition of a little lion 01 a tiace of 
iodine, substitution icadily occuis in the benzene nucleus, even at 
— io°, with the formation of a mixtuie of at-a- and rt7~/3-biomo-tetia- 
hydio-naphthalenes, 8 bp 140° to 145 0 undci 15 mm Undci the influence 
of light, 01 at a highei tcmpeiatuie in the absence of catalysts, halogen 
attacks the 1 educed ling 

Substitution in the aiomalic half of lelialin docs not follow the 
same laws as in the case of naphthalene 11 Reactions such as mtiation, 
biommation and chlonnalton yield a mixtuie of at-a- and ai -/3-subsli- 
tution ptoducts, which can often be satisfaclouly scpaiated by distilla¬ 
tion and fiee/ing out, whcieas naphthalene gives almost exclusively 
a-compounds, and the conesponding /3-det ivativcs can only be obtained 
by moie 01 less lioublcsome mdnect methods Othei leactions, such 
as the enhance of caiboxyl, alkyl and acyl gioups into tetialm undci 
the influence of aluminium chlondc, pioceed almost completely in the 
dnection of the ^-compounds, whilst with naphthalene, on the othei 
hand, the same conditions fiecjucnlly furnish a difficultly scpaiable 
mixtuie of a- and /8-products Since tetialm and its substitution 
pioducts icadily give up hydiogen to foim the conesponding 
naphthalene compounds, wc have heie an mdnect method of pic- 
paung fiom tetialm those denvatives of naphthalene which can only 
be obtained with much laboui by d it eel means 

Deoahyd.ronaphthalene, deealin, C 10 H 18 , is ptcpaicd fiom tetialm 
by fuithci hydiogenation with ficsh catalyst undci 12 to 15 almos- 
phcies piessuie It boils at 189° to 191 0 D] s 08842 Accoiding to 
Hlickel 1 deealin exists’in a w-loim (bp 193 0 , D 80 0898, nj, 0 148279) 
and a /‘/<mr-modificalion (bp 185°, D 80 o 872, n 80 1 47009) 

Naphthalene diohloilde, C 10 II 8 Cb, is pioduced ns a yellow oil when naphthalene 
is treated with potassium chloi ito and hydiochlouc acul At about 50* it begins 
to decompose into hydiochlouc acid and a chloio naphthalene Naphthalene 
toti aehloi ido, C 10 ir 8 Clu mp 183^ is fonned by leading chloime into a 
solution of naphth dene in chloiofoim On boding with alcoholic potash it is 
converted into dichloio naphthalene As would be expected, all four chloime 
atoms aie contained m the same ben/ene ling, since when oxidised with nit 11c 
acid the compound yields phthalic acid 

With o/onc naphthalene foims an explosive uystallinc diozomde 
111 which Uvo molecules of o/onc aie attached to one of the ben/enc 
nuclei 

1 J« \ Biaun *\nd Ktrschtnumj , ig2i ( 54 , 597 the piefix at refers to the 

11111 educed 01 sroimtic half of the molecule v JRiaun, IT dm tnd Seeunnn, Bet , 1922, 

56 , 1687 1 C y t 923, III, 76G R Will&tUtter and b Seitz, hu , 192 j., 5 * 7 , 683 
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SUBSTITUTION PRODUCTS OF NAPHTHALENE 1 


(a) Ilomolog ue i 

a-Methyl-naphthalene, C 10 lI 7 CH B , up —20°, bp 240° to 243 0 , and 
/3- methyl-naphthalene, mp 32 5°, bp 241° lo 242°, aie found with 
dimethyl-naphthalenes in coal tai, peti oleum and guuiacum icsin a 
Synthetically, they may be piepaied by methods similai to those 
employed foi the ben7ene homologucs, such as by treating the biomo- 
naphthalenes with alkyl halides and sodium, ancl by the Fnedcl-Ciafts 
reaction from alkyl iodides 01 biomidcs and naphthalene in the picsencc 
of aluminium chlondc 


(b) Halogen and Niti o-dei ivatives 

As ah eddy mentioned, the acLion of chlonnc or biommc on the 
hydiocaibon yields a-substitution ptoducts The j 3 halogen compounds 
ate best piepaied fiom the hydioxy-, ammo- ot sulphonic del ivatives 
by leplacing the substituent with halogen accoiding to methods 
descnbed undei ben7enc The halogen atoms in these dci ivatives 
aie less difficult to lemove than those m the conesponding ben/ene 
compounds, but aie neveitheless fai moie fiimly attached than in the 
alkyl halides, and cannot be exchanged by boiling with alkalis 

a GI1I01 o naphthalene, C l0 II 7 Cl, boils at 263° It is Council by the chlounation 
of boiling naphthalene, but is best piepaied from « ammo naphthalene by way of 
the clmzo compound fi Ohloio naphthalene melts it 61° and boils at 265" 
Dloliloio naphthalene, C 1[1 II ( jC] 2> is known m all of the ten possible isomcnc foims 

The nitiation of naphthalene with concentiated mine acid at 
otdinaty lempeialme leads mainly to the foimation of a-nitvo- 
naphthalene, fiec fiom the isomeuc /3-compound It ciyslalhscs in 
yellow needles, mp 61 0 , bp 304° By way of the amino- and clia/o- 
denvalives it may be conveited into the hydioxy compound, «-naphthol, 
identical with the pioduct obtained synthetically from phcnyl-isociotomc 
acid (see p 520) Hence the nitro-gioup must have occupied the 
a-posilton Since the mtio-group can be exchanged by the usual 
methods for a vancly of atoms and ladicals, «-nilio-naphthalcnc has 
fiequently been of aid in deteimining the position of the substituent 
in mono-deiivatives of naphthalene It is used indusUially in the 
pieparation of a-naphlhylamme 

Eneigelic nitiation of naphthalene at lnghei lempeialuie yields 
di-, tii- and leUa-mUo-naphlhatcncs, of which the fiist aie of impoilance 
in the dye-stuff indusliy 

/3-Nitronaphthalene is piepaied fiom technical /3-naphthylamine 
by dia/otisation m mine acid solution and tieating the naphthalene 
duuomum mtiale with cupious oxide, 8 01 fiom /3-nitio-tetiaim by 

1 F01 ^ useful siimrmry of upphthalenc derivatives ^ee N&phthahn Da watt » by vtti der Kam 
(M Nijhoff, 13 igue, 1927) 3 See Ba 1 1918^ 61, 1603 Ba , 1919, 62, 3 §.6, tfo 3 For 

1 iboratoiy dcl^Us, see Meisenheimer and Witle, Ba , 1903, 83 , 4153 
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dehydrogenation with the aid of biomine 1 It foims yellow crystals, 
mp 79 0 Undei the mflnence of methyl alcoholic potash it undergoes 
a pecuhai leaction, 2 similai to that given by 9-mtio-anthraccne, and 
becomes tiansfoimed into an alkali-soluble compound which on fuithet 
treatment with mineial acid yields naphthaquinone-oxime, isomeric 
with the oiiginal nitio-naphthalcne 8 




CHgOv^yOCII, 



NO 


i K OCH 


^\/\ 


1 3 Nitro mphtlnlcno 


NOH 


O 




HoSO. 


-> 


w 

/3 Naphtlnqumone 
2 oxime dimethylacetal 


NOH 


w 

jj N iplithaquiuone 2 oxime 
(2 nitroso-i mphthol) 


(c) Naphthalene Sulphomc Acids , Naphthols , Naph thy la wines 

When heated with concentiated sulphunc acid, naphthalene gives 
a mixtme of the two isomenc naplithalene-sulphonio aoids, C 10 II^ 
SO a OII, below ioo° moie of the a-foim is pioduced and above i< 5 o° 
mote of the / 3 -compound The a-acid, on being heated with sulphuric 
acid, is conveitcd into the / 3 -acid They aie deliquescent ciystalhne 
substances which when fused with caustic alkali yield the conesponding 
naphthols 

C 10 H t SO a Na + aNaOII = C 10 II* ONa H Na a S0 3 

On the large scale one pait of sodium naphthalcne-sulphonate is 
melted undei picssuie at about 300° with a concentiated solution of 
two pails of sodium hydioxide, in lion vessels piovidcd with stilling 
appaiatus Fiom the sodium naphtholale so foimed, naphlhol may be 
piecipitatcd by means of sulphunc acid or caibon dioxide, and purified 
by distillation alone 01 with supciheated steam 

w-Naplithol, mp 94 0 and bp 280°, ciystallises in needles F01 a 
synthesis see p 520 /3-Naphthol, mp 122 0 and bp 286°, foims 
leaflets In chemical behaviour the naphthols show a general 
resemblance to the phenols, although the hydtoxyl gioups are much 
moie mobile than m the latter compounds For example, when 
heated with ammonia the naphthols arc leadily conveited into the 
naphthyl amines On leduclion with sodium and alcohol, naphthols 
yield tet)ahydio-naphtholSy C 10 IT n Oil In the case of a-naphthol the 
foui hydiogen atoms almost exclusively entei the hydioxyl-fiee ling 
to foim rtv-totrahydro-u-naphtliol, 1 (C t II 8 ) C 8 II B Oil, which possesses 
the chaiaclei of a hue phenol With jQ-naphthol the foui hydiogen 
atoms not only entei the hydioxyl-fiee ling to give at tetrahydro 

1 J v Biaun and co woikers^ Ba t i$22 t 5 B, 1695 y Meisenheimci and Witte, he at t 
p 416 \ 5 Another change occurs simulUneotiBiy, though to a much smaller extern, leading to 

the formation of n/oxy- and a?o compounds by the reducing action of the methyl alcoholic potash 
on ft nitio nnphth dene (cf nitrobenzene) 4 For the use of the prefixes cn and ac^ see p 
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/ 3 -naphthol, (CjIIg) C 0 H 8 OH, but also that containing the —OH gioup 
to foim rttf-tQtraliycli , o-/ 3 -napIithol ) (HO C, H 7 ) C 0 H 4 The fiist of 
these lesembles the phenols m ptopeities, and the lattei the aliphatic 
alcohols These intciesting differences aie discussed in more detail 
undei the naphthylamines 

A large numbci of etheis, sulphontc acids and mtio-denvatives of 
the naplithols have been piepaicd 1 The hydioxy-denvativcs of the 
naphthalene senes also lesembfe the phenols in icacting in tautomciic 
foirns 2 

/ 3 -Naphthyl methyl ethe ), C 10 II 7 OCII 3 , mp 72°, is obtained by 

heating /3-naphthol with methyl alcohol and hydiochlonc acid, 01 

by heating sodium /3-naphtholate with potassium methyl sulphate 

It has a smell like oil of oiange floweis (neioli oil), and is used under 

the name of neiolin in the piepaiatton of pei fumes 

1 2 1 

Dtmtio-a->taphlhol i C 10 II 6 (N 0 2 ) a 0 IT, [Oil NO a NO a ], is picpaied 

by U eating a-naphthol-disulphonic acid (1 2 4) with mine acid, and 
ciystaih&es in needles, mp 138° It is almost insoluble in watei but 
its salts aie compaiatively soluble, the sodium 01 less ficqucntly the 
potassium compound being placed on the maiket undei the name 
of Maifcius yellow In acid bath it dyes wool and silk a gulden yellow 
colon 1 Naplithol yellow S is the potassium salt of the sulphonic 
detivalivc of dmitio-a-naphthol It is a moie pcimancnt dye than 
Mai ttus yellow 

Naphtliol-sulphonio acids aie produced uthci bydncct sulphona- 
tion, by fusing polysulphonic derivatives of naphthalene with alkali 
hydioxidc, 01 by teplacing the NII a -gtoup m naphthylamitic sulphonic 
acids with the hydioxyl gtoup They aie extensively used in the 
dyeing mdustiy Among the moie impoilant aie the following 


Oil SO s II 



I NTplithol { sulphomc Tout 2-Niphthol 6 sulphonic tcrI 2 Niphthol B sulphonic aud 
(Ncvile and Winther^ icid) (bchuffci's 01 P-tcuI) (Croceic nouh ct acid) 


IIO NH fl SO u II 



I Ammo B nnphthol 3 N'lphtlml-^ 6 disulphonic 2 Naphthol-6 S disnlphonic 

3 6 disulphonic icid (II tck!) tcuI (R icid) 'icid (U-'icid) 


1 For the bdiTVioui of the naphthols on omlition see R Piuvmu.ru, Bet t 191 2957 * 

1919 63 , 1393 hoi the conversion of n iphthol c'uboxjhc %cids into the Tkleliydes, see II Weil 
and Ileeidt, Bet , 1911, 44, 3058 2 P bricdlmdei, Bet , 1921, 64, Cso W Fuchs tnd 

Stix, Bet , X922, 66, 65S 
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Among the numeious sulphonic acids of the naphthols those named 
above aie the ones chiefly used m the piepaialion of azo-dyes Ncvile 
and Wmthei’s acid and dtsulphomc acids H>R and G aie of pai ticulai 
valiie The two fast aie foimed by the vigoious sulphonation of 
/ 3 -naphthol and can be sepatated by taking advantage of the diffeient 
solubilities of their acid sodium salts in alcohol, that of the G-acid 
being leadily soluble and that of the R-acid almost insoluble Whetcas 
2 -naphthol-8-sulphomc acid and G acid gencially yield yellowish 
dyes when coupled with diazonium compounds, Schaffer’s acid and 
R-acid give bluish dyes 


In addition to the n?o dyes desenbed on p 405, the following denved ftom 

11a pin hoi sulphonic acids and el moused amines may also be mentioned 

1 Q 0 

Oioooin oianga, C Q II 5 N N C 10 II 6 (OII)SOjII, fiom aniline and Schaftet’s 
acid 


Ponooau, fiom aniline and R acid 
Boicteaux B, fiom a naphthylammc and R acid 
Oiange fiom aniline and G acid 

I malty tt should be noted th it impoitani cl>es {such as Rocoellin, S0 3 II C I0 H 0 — 
N N—C 10 II G 0II) ai e d e 1 ived fro in a naph thalem azo fi nafihthol s C I0 11 7 — N N— 
C 10 II fl OII, which is obtained by coupling diazotised a naphthyluninewiih£ naphlhol 
Sulphonic acids of a naphthoi containing liydioxyl and sulphonic gioups in the 
pen position (1 8) veiy leachly split off watei between the S0 U 1I and Oil groups, 
with the foimation of eultones i 8 Naplithol sulphonic acid (Schbllkopfs acid) 


yields napfifha-sultoMy c 10 n 



the simplest compound of tins type 


A numbei of isomeric chliydioxy-naphlhalenes aie known, among 
which /m-diliydroxy naphthalene may be specially noted, since in 
consequence of the adjacent position of the two hydioxyl gioups it 
icsembles o-dihydioxy compounds m foirmng moidant dyes This 
ptopeily is utilised in a/o-dyes picpaicd fiom a disulphonic acid of 
/tv^-dihydioxy-ntiphthalcne, which aie classed togcthei undet the 

name of ohromotrope dyes I he acid itself is consequently teimed 
chromotroplo acid 


IIO Oil 



IIO,S 



-SO.,11 


i 8 Dihydioxy niphllnlcnc 3 6 disulpliomc acid, 

ch) omoti ojiic r tcid 


T.hc colouis pioduccd with .1/0 dj^es deuved fiom this acid undeigo 
suipiising vaiiations with change of metallic moidant I 1 01 example, 
the dye picpaicd fiom dia/oliscd aniline dyes wool in acid bathaied 
coloui Aluminium salts transfoim this coloui to violet and chiomates 
to blue-black 
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a- and / 3 -Naplithylammes, C 10 II 7 NH S , can be piepaied by 
reducing the coiiesponchng mtio-compounds, or fiom the naphthols 
by heating undei piessuic with ammonia In the piesence of 
ammonium sulphite the lattei leaction piocceds veiy icadily 
a-Naphthylamine, mp 50°, bp 300°, is obtained on the laige scale 
by 1 educing a-mtionaphthalene with iron and hydiochlonc acid It 
possesses an unpleasant odoui and is leadily attacked by oxidising 
agents Aqueous solutions of its salts give a blue precipitate with 
feme chlondc ^-Naphthylamine , mp 112 0 , bp 294°, is piepaied 
technically by heating naphlhol in lion autoclaves with ammonia 
and zinc chloride It is odomless and gives no coloiation with oxidising 
agents The naphthylammcs and then sulphonic acids aie laigely 
employed in the manufactuie of azo-dyes (see pp 405 and 527) 

On ticatment with fuming sulphunc acid, rt-naphthylamine yields 
naphthionio acid, which conesponds to sulphanilic acid 

NII a 



I (. Ammomphlhalene sulphonic icid, 
napntluomc ocid 

When this compound is diazolised and coupled with / 3 -naphthol, it is 
conveited into fast red A Naphthionic acid coupled with tetrazo- 
benzidine chloude forms Congo red (see p 405) 

Among numeious ammo naphthol-sulphonic acids we may mention 
l-ainmo-2-naphthol-6-sulphomc acid\ the sodium salt of which is used 
as a phoLogtaphic developci undei the name of eikonogen 

Ilyd) og enated Naplithylammes 1 

Each of the naphthyl amines may be t educed to a tetiahydio- 
naphlhylamine by the use of sodium and amyl alcohol, all foui 
hydiogen atoms enlcnng the same benzene nucleus The compounds 
so obtained show stiiking diffciences in piopeities If hydiogenation 
takes place in the ting containing the ammo-gioup, as is mainly the 
case with ^-naphthylamme, the ptoducl possesses the chaiactei of an 
aliphatic amine, or lathei of a phenyl-substituted aliphatic amine, 
This type of 1 eduction is distinguished as aliphatic-cyclic 01 alicychc 
hydrogenation, and the compounds foimecl aie wntten with the pie fix 
ac (alicychc) If, on the other hand, 1 eduction occuis m the unsubsti- 
tuted benzene nucleus, as is chiefly the case with a-naphthylamme, 

1 E Bamberger, Ann t iSgo, 267 , i J v Braun, Ber , 1923, 55 , 3664 
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the product shows the piopcilies of aniline and the aiomatic bases 
Hence 1 eduction of this kind is termed aiomatic hydi ogenatzon, and 
the compounds arc distinguished by the prefix at Theic ate theie- 
fore foui letiahydio-naphthylamincs known, the constitution of which 
may be expicssed by the following foimulre 


I 


NH 
H 2 

H„ /N/\h 


H 


H, h 


II 


at Tell ih\dro a n'lphlhyhmiriQ 


III 


II 


H„ II 

SK/X 


II. 


NH 


w 

II, II 


H 


iv -1 ctrahydio p niphthyhmmc 


II 


II 


II HyNH s 



ac Telnhydio « mphlhylaminc 


IV 


H 


II 


II H. 

NII 


II 



2 


H H a 

ac Tetrahydro/? naphthylaimnc 


That thehydiogen atoms always attach themselves asymmctncally, 
te, to one of the two nuclei of the naphthalene molecule, was pioved 
by Bambcigei fiom an examination of the behaviour of the compounds 
with biominc and potassium peimanganate The. above reduction 
pioducts, foi example, do not add on biommc at all, but if each 
nucleus had taken up two hydiogen atoms, then dcnvatives containing 
double bonds would have been foimcd which would have combined 
instantaneously with bionnnc 

The behavioui of the ac-hydtogenated bases (II and IV) indicates, 
as already stated, that these have altogether lost the aiomatic chaiactei 
of the parent substance and have gone over completely to the aliphatic 
type They aie sttong bases, which turn tuimeiic papei biown and 
form salts of neutial icaction They have a shaip smell resembling 
that of pipci ldine and excit a pccuhai physiological action On 
standing in ail they lapidly absoib caibon dioxide In contact with 
dia/o-compounds they yield aliphatic diazo-amino-compounds of the 
gcncial foimula R—N a —NIIR Their behavioui with nitious acid is 
vciy chaiacteiistic, unlike the aromatic bases they foim no dia/onium 
salts but give crystalline and leadily soluble nitiites Hence they 
can not be used foi the picpaiation of dyes When oxidised with 
potassium peimanganate, the ac-tcti ahydio-compounds, again unlike 
the rtr-denvativcs, ate attacked in such a way that the i educed ung 
opens, and a bcnrcnc-dicaiboxyhc acid containing all the caibon 
of the anginal base is foimed Thus each of the «c-tetiahydio- 
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naphthylamines yields on oxidation 

CflH /CH a CH 2 COOH 

Ncooh 


o - cat boxy - hydt ocmnamtc acid i 


In distinction to the above tit-bases, the aromatic hydiogenated bases 
(I and III ) do not gieatly differ fiom the parent substances containing 
foui hydiogcn atoms less, so that they may be consideied as almost 
puiely aromatic in type tw-Tetiahydio-a-naplithylamine possesses the 
piopeities of a substituted aniline it does not affect vegetable dyes, 
does not easily react with carbon disulphide, and is leadily diarotised 
with nilious acid When it is oxidised with peimanganate the ling 
containing the ammo-group is enlnely lemoved, with the formation 
of adtpu aetd, COOH CH, CI-I Z CI-I 2 CII 0 COOH 

It is woithy of emphasis that the influence of alicychc as well as 
of aiomatic hychogenation is not confined to the \educed ling, but 
also makes itself felt in the adjacent ting This is shown in the 
enhanced aiomatic chaiactei of the lattet, bunging it into still closet 
tesemblance to the nng of benzene denvatives With lefeicncc to 
physical piopeities it may be noted that both the ac- and at-hydio- 
genated bases have lowei boiling-points than the patent amines, as 
will be seen from the following table 1 


PaT-ent Bases 

Hydro&eimted Compounds 1 

-.-, 

Aromatic 1 

^ --rrr. . 

Alicychc 

tt-NTphlbyHmine 300° 
ft Napluiiylarmne 299 5 0 

a-Ethyl-nnphthyHmme 303° 
i /3 Eth}l-naphthyiaminc 305* 

a-Dimetliyl mpltlhyhmine 274 5 0 
ft Dimethyl nnplitbyhmme 305° 

Tetraliyclio 275 0 

■i 276 5° 

„ 286 287° 

.. 2 9 i 5 ° 

„ 261 262 

„ 287 

1 etnhydio 246 5 0 

11 2 W 5 ° 

” 267° 

n 


As aljcady indicated on p 529, the same icgulantics that have 
been obscivcd m the case of the hydiogenated bases of naphthalene 
also hold ttue foi the hydiogenated naphthols The facts have been 
summed up by Bambeiget as follows — 

1 When one of the tzvo ring systems of naphthalene ot its derivatives 
takes up four hydrogen atoms , this ring acquires the functions of an open 
aliphatic chain 

2 Such hydrogenation results in the i educed compound behaving a? a 
benzene derivative with an aliphatic side chain The hydiogenated portion 
of the molecule exhibits aliphatic propei ties , and the non-hydi ogenated 
par iron ai oniaiic propei ties 

1 Bambeiger, Bet , i SSg, 22, 773 



N API ITH AQUI NONES 


D31 


(d) Naphthoquinones and Naphthalene Ca> boxy he Acids 
Thice quinones of naphthalene aie known, namely 


I CO 

^\/\ 


II CO 

/\/\ 


III 


L II II 

Vx/ 

CO 

a- or i j. 


CO 




w 

p or i 2 


oc 


w 


nmplu or 2 6 niphttnqutnone 


a-Naphthaqtiinone concsponds to /-ben 7 oqu in one It is piepaicd 
by oxidising naphthalene with chiomic acid in boiling glacial acetic acid 
Bcttci yields aie obtained by oxidation of i 4-dihydtoxy-naphthalene, 
ot of I 4-aminonaphthol It is also fonned when naphthalene, dis¬ 
solved m acetone containing sulphutic acid, is clectiolytically oxidised 
at a platinum oi lead anode In its piopeilics it stiongly lesemblcs 
quinonc It ciystalhscs fiom alcohol in yellow needles, m p 125°, has 
a pungent smell and is veiy volatile Sulphuious acid 1 educes it to 
I 4- dihydroxy-naphthalene , and with mine acid it is oxidised to phlhahc 
acid Liquid mtiogen tuoxide conveils it into indene dcnvalives 1 



CO—CH 


C 0 H 4 

CO—CII 

a Niphlhaqumone 

/CO, 

c ‘ u ( co / cu ‘ 

Dikcto hydnndenc 


NoO 


S w 3 


CO v 

CaH.i >CNoO 
CO / 





He'itmg 
Vt \til \ JVtCl 




ufi Dikcto h}dundene nitio ite 

/CO. /CO. 

-> C 0 Il/ >C-C< XC.H, 

^CO' N C0 X 

Anhydio bts dikcto hydrmdcnc 


The above is an example of the lcmaikable syntheses of indene 
deuvalives, in which a six-membcicd caibon ling is ttansfoimed into 
a five-membered ring This change also lesults fiom the action of 
chlorine 01 hypochlotons acid on naphthols, naphlhaquinoncs and othei 
naphthalene compounds 8 

Gavminio aoidl, the colounng mattci of the cochineal insect {Coccus 
cacti), and lcermio aoid, the dye-stuff of Coccus thus, appeal to be 
dciivativcs cithci of a-naphthaquinonc 01 of anthiacene 8 

/S-Naphthaquinone, which may be compaied to o-beiwoqumonc, 
lesults fiom the oxidation of 1 2-ammo-naphthol It ciystalhscs in 
red needles which decompose about 120° It diffets fiom the ct-com- 
pound In being odouiless and non-volatile In chemical behavioui it 
resembles anthiaquinone and even moie closely phenanthiaquinonc 
As will be seen latei, the icacUons of the lattei aie those of an 

1 J Schmidt, Hitt , 1900, B8, 543 3 7incke, Re * , 1887, 2890, 3^^^ t 1888, 21, 23791 

3719 , 1889, 22 , 1024, 23XC, 3 O Dimioth, , 1910, 48, 1387 , Ann , 1913, 809, 1, 
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dioxide to yield naphthalene / 3 -Naphthoic aoid melts at 182° 
Naphtlialio aold, naphthalene 1 8 dicaiboxylic acid, C 10 H 0 (COOH) a , 

when heated to a high tempeiature yields an anhydride lesembhng 
phthahe anhydride 

Among othu deuvatives of naphthalene may be mentioned 


aoonaphthene or /w-ethylene-naphthalene, C 10 H</ 


CH 

GIT 


m P 95°> bp 


2 


CH CH 


hc/N/Nch 


HC 


\/C 

CPI 

Indenc 


CH 


277 , which is found m coal tar 1 It may be prepared by treating 
«-btomoclhyl-naphlhalene, C 10 II 7 CH,, CH a Br, with alcoholic potash 
Indene—As will be seen fiom the annexed 
foi inula, mdene contains a benzene nucleus con¬ 
densed with a cyclo-pentadienc ring It is present 
ill coal tai, and may be isolated from the “heavy 
till” by fractionation and subsequent precipitation 
with piuic acid a A simplei method is to heal the 
ciude indenc with sodium at 140° to 150°, when 
sodium indone is fotmed as a glassy mass This on tieatment with 
watoi yields very pute indene B It is a colourless oil, bp 178° 

Indenc and its deuvatives may be obtained 
p™ synthetically by a numbei of reactions (see p 531) 

wli n 1 _i t _ _ _ i_ ._ 1 _ _1 _i _ _ 1 t 


CJI 



^CHNa^ 


Thus a-xylylene biomide and sodio-malomc ester 
combine to form hydtmdene duarboxylic estei. 


yCII^Br 

c 0 n,< h ni 2 c(coor ) 2 - c 6 pi 

x Cir o Bi 

Jf 


H- 2NaBir 


which hy hydiolysis and elimination of caibon dioxide can be con- 
vet ted into hydt tndene ccttboxyltc aetd When the b&num salt of the 
ldttei is distilled it yields indenc 1 


Cll 

on/ >cn cooh 

XTI ? / 



C«H 



CPI + CO a H H 


2 


I he chief piopcities of indenc depend on the reactivity of the two 
hydiogen atoms of the Cll^gioup (cf fluoicne) When indene is 
heated with alkyl halides in the piescnce of alkali, these hydrogen 
atoms aic lcplaced by alkyl gioups, and in the condensation of 
indent with aldehydes they unite with the aldehydic oxygen to 

foi ni watei 6 

i I'or hid mhlhonc qmnono, sec A Rdssert, Ben, IQII, 44, i?49 2 Kmmer and Spilkcr, 

Jht , i«(jo, 28 , 3376 , Weger snd Billmwn, Bet , 1903, 36, 6 t i “ Weiszgerber, Ber, 1909, 
43 <Gy * tor the prcpTiation of indene derivatives ftom phthahe aldehyde ( 

nci 1 i’ihlIo 'md I* nlk, Aim , 1906, 84 V, 112, md from unsaturated ketones, Dnele and Rnggli, 
aJ, 1913, 308 , OX » for further detmls see lh.ele, Am , 1906, 847 , 249 
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In this manner benzaldehyde and indene yield benzy!id(’nc-inch'.nc. 
(I) and hydioxy-benzyl-indene, while cinnamic aldehyde and indcnc 
give ctnnamyhdene tndene (II) 


I 



II CII 

C 8 H 4 / _J 3 CII 


C CH CII CII C 0 II 6 


Indene readily takes up oxygen from the an and has a stiong 
tendency to polymerise With nitnc acid it is oxidised to phlhalic 
acid, and on reduction with sodium and alcohol, 01 moie simply by 
catalytic hydiogenation, 1 it is converted into hydnndcne, C 9 II 10 



Anthiacene Gioup 

Anthracene, C U H I0> is the parent substance of a niimbct of 
interesting compounds and valuable dye-stuffs It is piesent to the 
extent of 025 to 045 per cent m coal tai, and distils ovci in the 
anthiacene oil, boiling above 270° In this it is mixed with vanous 
pioducts such as phenanthiene, chiysene, caibazolc and paiaffins, 
which aie difficult to lemove Cmde anthiacene ciystalhscs out fioni 
the mixtuie on cooling and is sepaiated in filtei picsscs The pioducl, 
which contains about 30 to 50 pei cent of anthiacene, is punfied by 
treatment with pyndine bases 01 solvent naphtha, when most of the 
phenanthiene, fluoiene and other impuiities pass into solution, leaving 
an 80 to 90 per cent anthracene The lattci is obtained 111 finely- 
divided foi m by sublimation 01 distillation in steam, and if icquticd fot 
the prepaiation of dyes is then woiked up dnectly into anthiaquinonc 
Commercial ciude anthracene may be fuithei punfied 111 a numbci of 

ways, eg by tieatment with liquid sulphui dioxide, in which the 
impurities dissolve 


HC r CH r CH 

hcXH\7\ 


HC 


HC ^CH U CH 


CH 


CH 


II 


IIC r CII r CII 

hcMAcii 


lie 


HC c CII c CII 


CII 



1 J v Braun nnd Kuschbaum, Bet , igafl, 66 , 1680 
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Pine anlluaceiic, mp 213 0 , bp 351°, ciystallises in colouiless plates 
having a blue fluoiesccnce It dissolves leadily m hot benzene, with 
difficulty in alcohol and ether, and is insoluble in water Fictic acid 
combines with it to form an addition compound, C 14 H 10 ,C<jH 2 (NO 2 ) s OH, 
ciystalhsing in ied needles, mp 138° According to Gtabe and 
Licbcimann the constitution of anthracene is lepresented by formula I 
As will be seen, tins is built up of three condensed benzene nuclei, the 
ccntial 011c containing a pai a-linkage 

This sliuclute is supported by the lesults of analysis and synthesis 
Recently the fl ortho-quinonoid” formula II has been taken more and 
mote into consideration 1 

Anthiaccne is foimed by the following leactions 

1 By heating benzene with symmetrical tetiabiomo-ethane in the 
picsence of aluminium chlonde (Anschutz), 

Br—CH— Br / CH V 

C a H a l | + C a H a ~ C fl H/ | yC a H, + 4 HB r 

Br—CII—Br N CH^ 

2 In a similar mannei, by the action of aluminium chlonde on a 
mixtuie of u/5-dibromo-ethyl-benzeiie and biomo benzene 3 

^CHBi H v /CH\ 

C„Ilr I I ><^ 11 , = C c H 4 d I >C a H 4 + 3 HBr 

BtCII 9 Br ^CH/ 

These two bynlheses piove that the middle group, C g H 2 , of 
anthi.icene is linked lo two benzene nuclei, but give no information 
as to the actual points of union 

4 AnLln.iccnc, howevet, is also foimed when <?-biomo-benzyl 
luomidc is licatcd with sodium Hence it follows that the middle 
gtoup is attached to two o-caibon atoms of each benzene ling In this 
reaction the fust pioduct is dihydio-anthiacene, which is readily 
convened into anthiaccne by oxidation 



3 Schramm, Ber ^ 1893, 28 , 1706 



536 


ANTHRACENE GROUP 


4 Anthracene is also obtained by heating 0-toIyl phenyl ketone 
with zinc dust 



A number of other syntheses of anthiacene have also been effected 
Synthetic methods of preparing anthtaquinone, and the foimation of 
anthracene fiom this compound and from alizann, aie descubed latei 

Derivatives of Anthracene 

Anthiacene 1 behaves in the same mannei as naphthalene on 
hydrogenation Reduction with sodium and alcohol results in the 
addition of two hydrogen atoms to the " middle group,” with foi mation 
of dihydro-anthi acene Eneigetic reduction with phosphoius and 
hydriodic acid yields hexahydro-anthiacene, C,and anthracene 
perhydnde , C 14 H 2i Catalytic hydrogenation undei ptessuie leads to 
the ptoduction of ociahydro-anthracene, C J1 H 18 , m p 73 0 , which is also 
readily pi epared on the technical scale 2 

Numerous substitution pioducts of anthiacene aic known, the 
position of the substituents being indicated by numbeis 01 letters 
as given in formuhe lla and II <5 on p 534 These foimulai also 
illustrate the huge numbei of stiuctuial isomeudes possible Sub¬ 
stitution in the middle gioup leads to the formation of y- or ineso- 
denvatives According to theoiy thete should bo thice isomciic 
monosubstitution products in every case Only the most nnpoitant 
of these compounds will be described here 

The action of chlorine or bromine on anthiacene leads fiist to the 
formation of y-viono- and di-halogen derivatives 

Nitric acid very readily oxidises anthracene to anthi aqmnone On 
the other hand, mtnc acid reacts with anthracene in glacial acetic acid 
solution in the presence of acetic anhydnde to form g-mtro anthiacene 

This compound is more conveniently ptepaied by an lnducct method 
described later 

A nth racen esulphomc acids can be obtained by the suiphonation of 
anthracene, or by the reduction of anthi aqmnone-sulphonic acids 

Hydroxy-anthiacenes, which resemble the phenols and naphthols 
in their behaviour, are formed by fusing anthraccnc-sulphonic acids 
with alkali, and by the 1 eduction of anthiaquinone and its sub¬ 
stitution products The meso-phenols of the anthiacene senes, 
anthranol and authra~hydfogutnone, exhibit tautomensm 8 

Anthraquinono, C 0 H 4 (CO) 2 C 0 H 4 , is obtained synthetically when 
(j-benzoyl-benzoic acid is heated With phosphoius pentoxide This 

1 For a synthesis of -inthneene from a mphthalene derivative, see W A Noyes and Colver, 

/ Am, C i , 43 , 89S 8 G Schrocter, Ber, 1934, 6*7, 3003, 1927, 60 , 2035, 3 K H 

Meyer, Ann,, 1911, 870 , 37 
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acid can be ptepaied by heating phthahe anhydnde with benzene and 
aluminium chlonde, 01 by the action of phenyl magnesium biomide on 
phthahe anhydnde 


CO CO 



o Benzoyl benzoic acid Authraquinone 


Anlhiaquinonc is piepaied mdustually in laige quantities foi the 
manufaclme of alizarin, by oxidising 90 pei cent anthracene with 
sodium bichiomale and sulphunc acid lhe pioduct so obtained may 
be fiecd flora impuiities denved fiom the phenanthiene, fluoiene, etc, 
present in ciude anthiacene, by dissolving it in hot concentrated 
sulphunc acid, in which anthiaquinone dissolves unchanged while the 
onginal impuiities 01 then oxidation pioducts aie conveited into 
watet-soluble sulphonic acids Hence, on diluting the acid solution 
with watei, only anthiaquinone is piecipitalcd It may be fiuther 
punfied by distillation in steam 01 by tieatmcnl with pyndine 

Anthiaquinone melts at 285°, boils at 382°,and ciystalhscs 111 yellow 
needles or pnsms which leadily sublime It is a very stable compound, 
and is only attacked with difficulty by mtnc acid and oxidising agents 
In its whole behavioui it stands much closci to the dikctoncs than to 
the quinoncs, possessing neithei the chaiactenstic pungent smell of 
quinonc noi its piopeity of being 1 educed to hydioquinone with 
sulplnuous acid With hydioxylamine it yields blight yellow needles 
of anthiaquinone oxime , which decompose at 224 0 Accoiding to 
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Mciscnheimei, 1 the oxime is also foimetl ftom 9-mLio-anlhiaccnt by 
boiling with methyl alcoholic potash and subsequent tiialmonl with 
dilute mincial acid ( tf p 525) 

This leaclion is of gencial significance in so fai that the " o\tme 
t> antfoi matton ” of «-unsatin ated mtio-compounds unilu the mflm nee 
of alkali appears to be a comparatively common piopcity of this tlass 
of compound 

On fusion with potassium hydtoxide anthraquinone bii.iks up to 
give two molecules of bcn/oic acid When 11 dueld by wanning with 
7inc dust and alkali it yields antlu’ahydroquinono, and by mildn 


1 eduction with the same icagcnts, oxanthranol, ( (I IJ 


XJlOIk 

< >»ir 

^ (O 7 


1 


Ihe lattei is an unstable substance which gives a beautiful and sinking 
t eaclion sometimes used as a testfot anth) aqmnone 1 he gi 11111 sh-yellow 
compound dissolves m alkali, giving a blood-icd eolom , on shaking 
with an, howcveijtlie led solution is veiy tapidly dcculotised and yellow 
anthiaqumone sepatates The alkaline solution has been shown to ton- 
tain a consideiable amount of hydiogen puoxide (01 alkali peioxide)" 
Moie vigoious 1 eduction of anthiaqumone with tin and hydioehloiie 


acid yields antliranol, CqIIj 




and with /me dust anti 


sodium liyeltoxide undci picssuic, dlantliranol ' Finally, by beating 
with phosphorus and hydnodic ackl in a closed tube, 01 by distillation 
with /me dust, anthiaccne may be obtained 

Anthiaqumone can be biommalcd, mtiatcd and sulphonatcd 


O\anthtonyh Compounds containing 7 1 ivalcnt Cat bon 

When «-ben/oylaled anthiaqiunones me licatcd with aluminium 01 
coppei in concenti alcd sulphunc acid.oi with /me dust and ammonia, 
they aic convcited into icmatkable compounds distinguished by a ikip’ 
violet-blue coloui, and the magnificent fluoiescence of then solutions m 
ceitain oiganic solvents I hose compounds, which have been It 1 met! 

bensoyl oxanthtonyls , lepicsent a new class containing bivalent caibon 
and aie cotnpaiativcly stable 1 


O O 



O CO CjHjCI 110/ CO C„IljCl 

1-p Chlorobenzoyl anthraqmnono t~p Cltlorobenzoyl 9 oxinthronyl 

1 Atm , 1902, 828 , 205 , X 9 o 7 i 866, a (.9 8 Mnnchot, Ann , 1901, 811 , iy<j s JI Meyer 

Bit , 1909, 42 , r 13 1 R Scholl, Bet , 1921, 64 , 2376 , 1925, 60 , 918, 1065,1C33 
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*lhey ate insoluble m alkali, foim deep green sulphates with concen- 
tiated sulphuiic acid, and then solutions gradually become decoloused 
on long standing in ail and light, paiticulaily in the piesencc of 
water With alkaline hydrosulphite they undeigo fiuther 1 eduction 
There aie now seveial classes of compounds known containing 
tuvalent carbon, including the tnaiyl~methyls discoveied by Gombeig, 
the metallic hetyls of Schlenk, and the above bensoyl-o\anthi onyls 


Anthraqumone Sulphomc Acids 

The sulphonation of anthiaqumone provides a sti iking lllustia- 
tion of the mannei m which the corn sc of a leaction may at times be 
influenced by the addition of an apparently mdiffeicnt substance 
(compatc p 442, on the conversion of naphthalene into phthahe acid) 
Sulphonation in the oidinaiy way only yields /3-sulphonic acids, 
togcthei with an exceedingly small quantity of «-acids On the 
othei hand, the piescnce of a small amount of meicuiy so favouis 
the formation of a-sulphomc acids, that the pioduct of leaction is 
almost puie a-acid This action of mcicury piactically bungs about 
a complete displacement of the noimal position of substitution, and 
also enables the leaction to be earned llnough much moie easily It 
is theiefoie of great value industrially since anthiaqumone sulphomc 

acids aie impoitant inteimediate products in the piepaiation of 
dye-stuffs 

Ihe catalytic influence of metcuty does not appeal to be limited to 
sulphonation, but extends to nitiation and piobably also to other 
substitution reactions of anthiaqumone So fai as has been observed, 
howevci, this effect is peculiar to anthiaqumone dcuvatives 

Anothei method of ptepaung o-anthtaquinone sulphomc acids is 
to heat a-mtio-antluaquinoncs with aqueous solutions of neutial 
alkali sulphites, when the nitio-gioup is icadily exchanged foi the 
sulphomc gioup Thus a-mtio-anthiaqumonc yields anthraqumone 
a-sulphomc acid , and the 1 5- and 1 8-dinitio-deuvatives give the 
conesponding 1 5- and 1 8 -disulphomc acids In these a-sulphomc 
acids the acid gioup is compaiatively tcactive When heated with 
milk of lime they aie conveitcd into hydroly-anth ; aquinones, and with 
ammonia 01 pmnaiy amines they yield the coriesponding aiumo- 
anthi aqumones On bung heated with potassium phenoxide the 
a - sulphomc acids yield phenyl etheit of hyd/ovy - authr aqui nones 
Reduction with /inc dust and ammonia conveits anthiaqumone- 
a-monosulphomc acid into anthi accue-a-sulphonic acid, which on fusion 
with alkali gives a-anthiol TLhc nitiation of anthiaqumone a-sulphomc 
acid leads to the formation of two nitro-aiitlnaqumone sulphomc acids, 
with the substituents in the 1 5- and I 8-positions lespectively 
These aie icadily 1 educed to 15- and 1 8 ammo anthiaqumone 
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sulphomc acids , which can be diazotised and coupled with phenols 
and amines When heated with mcthylannne these amino-acids 
exchange the sulphomc gioup foi the residue —Nil CII 8 , with the 
production of I 5- and 1 8 -monomethyl- diatuino - anthuiqumoms, 

.NH CII 3 

CuILnOoC It is obvious that a gieat numbei of anthra- 

“\NH a 

quinone denvatives can be prepaied by such methods 


Hydro xy-anth rag in nones 

Hydioxy-anthiaqiunones can also be piepaicd fiom chloio- and 
bromo-anthiaqumones by fusion with alkali, and fuithei by the 
anthraquinone synthesis mentioned on p 537, using phenols m place 
of benzene, 1 e, by heating phthalic anhydnde with mono- 01 dihyduc 
phenols in thepiesence of aluminium chloride A inaction of puictical 
value is the foimation of polyhydioxy-anthiaqumoncs by oxidising 
anthiaquinone 01 its simple hydioxy denvatives by means of hot 
fuming sulphunc acid The addition of a little bone acid consideiably 
increases the yield 

Alizarin, 1 2-diItydioxy-ant/nagtnnone i C u II 0 O a (OIl)», is the most 
impoitant hydioxy denvalive It tanks with indigo ns the most 
valuable of all dye-stuffs, whethei synthetic 01 natuiaf Pilot to i86<) 
it was exclusively prepared from maddei loot Maddo (Rubia 
tinctoium) is a shtub growing to about thiee feet 111 height, which was 
cultivated moie especially in France It contains in its loot a number 
of giucosides such as tubian, lubiamc acid, and lubcrylhiic acid, 
CaallagO^ On fermentation, 01 on hydiolysis, eg with hot dilute 
sulphunc acid, these yield a mixture of glucose and the dye-stuffs 
alizarin, C u II„O g (OH) 2 , and pmpuiin, CjJIgO^OII),, 

2lI a O = 2C 0 II m O„ I C 11 It u 0 2 (OtI) a 

Ruberythnc Tc*d Glucose 

For dyeing, the giound-up loot containing about 1 pci cent of dye¬ 
stuff, 01 the piepaied mixluie of dyes (garancin), used to bo employed 

Constitution of Alihann —In 1865 Giabe and Licbeimann obtained 
the hydiocaibon anthracene by distilling nalutal ali/ann with /111c 
dust This fact, togcthei with the discovciy of the method desenbed 
below of preparing alizarin ailificially, pointed to the compound being 
an anthiaquinone deuvative m which two hydiogen atoms weic 
replaced by two hydioxyl gioups The foimation of phthalic acid 
by the oxidation of alizarin 1 pioved that both hydioxyl gioups wcic 
contained in the same benzene nucleus, and the synthesis of ali/ann 

1 For the oxidation of alizarin m alknline solution, see R Scholl, 1918! Cl, 1419 „ J9l9 t 
52 , 1142, 1S29 
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fiom phlhalic anhydride and pyiocatechol showed them to be in the 
^-position to one anothci 

/CO, /OH[i] /COv /OH 

C 0 H/ \o + C 0 H,< « C 0 H/ >c s h/ + H a 0 

XICK x OII|>] \C(X X)H 

Phlhalic inhydritlc Pyrocatcchol Alizarin 


Finally, the existence of two isomeric mlio-alizauns having the 
nitio-gioup in the same benzene nucleus as the hydioxyl groups 
is a pi oof that the hydioxyl gioups occupy the i 2- and not the 
2 3-position 

Technical P> cpa> at ion of Alizaim —Giabe and Licbeimann weie 
the fiist to piepaic ali/atin aitificially They obtained it by fusing 
dibiomo-anthiaqumonc with potassium hj-dioxide, a method not 
adapted to laige scale piacticc Ihe mdustual pieparation was 
only established successfully when Caio and Perkin substituted the 
chcapu anthiaqumonc sulphomc acids foi the expensive dibromo- 
anthiaquinonc Ihe piocess is earned out m the following mannei 

Equal amounts of anthiaqumonc and 40 pei cent oleum aie heated 
at ificP to 170°, in an non vessel ptovided with stimng appaiatus, when 
the gieatei pait of the anthiaqumonc is convcited into the / 3 -mono- 
sulphonic acid (see above) On pouiing the melt into watei any 
unchanged anthraquinone sepaiatcs out This is filleted off, and the 
sulphomc acid is ptccipitalcd fiom the filtiate as the spai mgly soluble 
sodium salt by the addition of soda Ihe salt is then fused with 
sodium hydioxide and the lcquisitc amount of potassium chloiatc 
Undci these conditions, one hydioxyl gioup is intioduced in place of 
the sulphomc gioup and a second one is foimcd by dnect oxidation 


C Q II 



C 0 n 8 SO 0 NaH 3NaOII + 


Sodium mtliinquinonc sulpliomle 




Sodium sail of 'iliz'irin 


hNa a S 0 ,+ 2 lI 2 0 


The fusion is effected under piessuie in horizontal lion cylinders 
piovided with stilling, at about 180° to 185° The fused mass is 
dissolved in watei and alizann picclpitated as oiange yellow {lakes by 
the addition of sulphutic acid It is sepaiatcd in filtei presses, mixed 
with watei to a 20pei cent paste and placed in this form on the mailtel 
100 paits of coal tai containing 06 paits of anthracene yield 06 
pails of ali/ann 

The aitificial piepaiation of alizarin was the first synthesis of a 
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valuable natural dye-stuff to be successfully carried out on the industrial 
scale Synthetic alizann has completely displaced the natural pioduct 
from the market, and has not only led to the decay of maddei 
cultivation in the Mediteirancan countncs, but has biought about gicat 
changes in the occupation of the people in these paits Distncts which 
used annually to ptoduce valuable supplies of madder have now 
1 everted to otdmary agricultuial pui suits 

Pi operties and Use of Alizarin —In the pui e state alizarin ciystalhses 
in beautiful led prisms 01 needles melting at 289° It is icadily 
soluble in alcohol and cthci, but only dissolves spatingly m watei, 
even when heated Alkalis dissolve it with pioduction of a deep 
violet led solution Alizann yields insoluble colouicd “lakes" with 
motdants, with aluminium and tin oxides the colour is ted, with 
cluomium oxide a biowmsh violet and with feme oxide a violet black 1 
It is by the aid of these mordants that the ali/ann is attached to the 
fabric, and the lakes, of which aluminium led is the most impoilant, 
therefoie constitute the actual dye-stuffs 

Alizann and the closely 1 elated compounds pui pm in, anthia- 
putputin and flavopuiputin aie typical moidant dyes they clye both 
wool and cotton with the aid of moidanls, giving colotus which aie 
very fast to light and washing Consequently they aie of gicat value 
commeicially 

Put Key Red Process 

In this process the cotton fabuc ot yam to be dyed is steeped in an 
aqueous solution of Tuikey Red oil 2 and dited It is then mordanted 
with aluminium acetate, dncd, and dyed in an ali/ann bath containing 
Tuikey Red oil and a little chalk Finally, the matciml is steamed 
undei ptessuie and the colour clcaicd by washing with soap In this 
mannei there is obtained the fiety lutkey Red, which is very fast to 
washing, acids and light, and contains a complex coloiu lake piobably 
composed of alizarin, hydioxy-olcic acid, alumina and lime 

When biomimtccl in ghcnl acetic acid solution alizarin readily yields 3 btotno 
alteatm t in p 260° to 261°, with btominc water 3 bronto alizarin gitmone is obtained 3 

Alizann gives valuable pioducts on mtiation The lcsultmg nitto- 
altrnun , C lt II 7 (NO a )Oj, is mainly the ^-compound, and is used unclci the 


1 For alizarin iron lakes, see A W Bull mid J R Athnn, J Phys them , 1922, 26 , 660 
3 Turkey H-ecl oil is prepared from cistor oil, lvhich contains glycerides of uns ituratcd 
fitty acids and of liytlioxy-oleic ncid, J) COOII Concentinted sulpliinic acid is 

dropped gradually, with sttmng, into cooled castoi oil, when the latter is hydrolysed and (he 
sulphuric acid partly adds on to the double bonds of the resulting unsat ui a ted acids, and paitly 


estorifics the hydioxy acid to give a ricinolcic sulphuric acid, C W ii is<^qqq^J 011 After washing 

with a solution of sodium sulphate or common salt, the product is neutralised with ammonia, and the 
liquid, which is then readily soluble in water, is placed on the market as Turkey Red oil 
3 0 Dunroth, Schultzc and Heinzc, Bet , 1921, 61 , 3035 
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name of alizarin orange YVilh alumina as moidant it dyes an oiange 
coloui When heated with glyceiol and sulphuuc acid (cf quinoline 
synthesis) it yields alizarin blue, which may be used as a substitute 

OH OH 



foi indigo blue in wool and cotton dyeing Alizann blue bears the 
same stiuctuial iclationship to alizann as quinoline docs to benzene 
It is employed in the foim of its watei-soluble sodium bisulphite com¬ 
pound, which is the ahsatin blue S of commeice 


T>ihydio\y~anthiaqumones , C 11 ?I 0 O a (OII), 

Some of these compounds aie also valuable moidant dyes 
Anthragallol, I 2 ihydi o \y-autln aguntone, is piepaied by heat¬ 

ing equimoleculai amounts of bctvoic acid and gallic acid with con- 
ccntiated sulphuuc acid 



COOH 


II 


OH 

I 



+ 


Benzoic acid 


HOOC/>' 


OH 


OH 


Gallic acid 


OH 



OH 


1- 2ll„0 


Oil 


Anlltragillol 


It foims biown lakes with cbiomium moidants and is used undei the 
name of“ah/aiin biown” oi “anthiacene biown” 

Purpurin, i 2 ^-tnhydi o\y aulhiaqmuone, as alieady stated, is 
found with alizann in madclei loot, and can be obtained by oxidising 
alizann with manganese dioxide and sulphuuc acid It is vciy little 
used Flavopurpurin, I 2 6 - and iso- oi anthra-purpurin, i * 2 7- 
tnhydioxy-anthiaquinoncs aie pioduced by fusing anthraquinone 
disulphonates with sodium hydioxide and potassium chloiate The 
foimei gives a scailct led with aluminium moidant, and the latter 

a yellowei shade of icd They aie employed chiefly in cotton 
punting 
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Polyhydt o ty-antht aqmnones 

Polyhydroxy-anthiaquinones, which aie also of technical liileiesl, 
may be obtained fiom anthiaquinone 01 the above hydtoxy dcnvatives 
by oxidation with sulphunc acid (see p 540 et seq') 

Alizarin Bordeaux, 125 8 teti ahydto t. y-antlu aquwotic, is foinied 
by heating alizann with fuming sulphunc acid With a chioimum 
mordant it yields a lake of puiple tint Alizarin oyanine, 1 2 4 S 
8 -pentahydioxy-anthraqumone, C^HgO^OH),; is obtained by oxidising 
ali/aim bordeaux with manganese dioxide and sulphuric acid It 
gives a puiple shade of blue with chiomium moidant Ruflgallio aoid, 
12356 y-hexahydtoxy-anthtaqttmone, is ptoduccd fiom gallic acid 
by heating with conccnttated sulphunc acid, when 2 mols of the gallic 
acid condense with one anothei ( cf anthiagallol) It coloui s a chi omium- 

moidanted fabnc brown Anthraoene blue, a position lsomciidc of 
ruBgallic acid, is obtained by heating dinitio-anthiaqumone with fuming 
sulphunc acid It foims a puie blue chiomium lake 

It should be noted that a laige numbei of sulphomc dcnvatives of 
the above dyes are also used in the foim of then soluble sodium salts, 
undei the name of " alizarin acid dyes," foi dyeing woollen goods 
Amino-hydtoxy-anthraquinones and amino antlu aquinones, which 
cannot be desenbed heie, are also laigcly employed as dye-stuffs 1 

Influence of Oitho hydtoxylaiion on the Nature of Ilydt oxy-antht a 
quinone Dyes —It has alieady been emphasised that the fonnation of 
insoluble lakes with metallic moi dants is of the highest unpoi lance foi 
the practical utilisation of hydroxy-anthiaqmnones in wool dyeing and 
cotton printing 

Liebeimann and Kostanecki have shown that the picsenccof one 
hydroxyl gioup m the above compounds docs not confci the piopeity 
of forming colouied lakes in sufficiently high degtee to give a good 
dye For this pmpose it is necessary to have two hydioxyl gioups 
which must stand in the ortho- 01 “alizarin” position to 011c anothei s 
Other positions of the hydtoxyls eithei fail to give sliong dyeing 
propei ties 01 lead only to impiovement with lespect to a few special 
moi dants 

It must iheiefoie be assumed that, in the fotmalion of coloui ed salts 
of the type of lakes, two hydioxyl gioups in adjacent positions aic 
capable of exeiting an influence not attained by hydioxyl gioups 111 
other positions 

Wemei^has developed a general theoiy of moidant dycs,accoid- 
mg to which the powei of a chemical compound to yield colouicd lakes 
with moi dants depends on the formation of innci complex salts 

1 See C'un and Thorpe, fhe Synthetic Dye stuffs (Griffin, 1913) 8 Ann , 240,245 tier , 

1887,20, 3146, 1889, 22, 1347, 1893, 28 , 1574, 1901, S 4 , 1563,2344, igo2, 86, 1497 Cf 
also Georgievics, Monats , 1911, 82 , 329 3 A Werner, Bet , 1908, 41 , 1062 
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Fiom this point of view mordant dyes contain a salt-foiming gtoup 
and a gioup capable of pioducing a co-ordmative linking with the 
metallic atom, in such lelative positions that an innei metallic complex 
salt may lesult 

Indanthrene, N-dthydto-\ 2 2' 1 '-anthiaqmnone-n^me When ( 3 - 
amtno-anlhiaquinone is fused with potassium hydroxide at 200° to 
3OO 0 j the potassium salt of a blue hydio-compound is obtained, which 
on being dissolved in watei in the presence of an deposits the blue dye 
indantluene This dye-stuff is tematkable foi the beauty and per¬ 
manence of the blue shades it pioduces Fiom its mode of formation 
and geneial behavioui it is assigned the following constitution, 1 
accoidmg to which it is legalded as a denvativc of dihydto-phenazme 
(dcscubed latei) 


CO 



Indanthicne is exceedingly stable Owing to its insolubility it cannot 
be attached dneclly to the fibte, but with alkaline hydiosulphite 
solution it yields a blue leduction pioduct, which is soluble in alkali 
and extiemely sensitive towaids atmosphenc oxygen In this foim it 
is bi ought on to the fabric It lcsembles indigo in being a blue vat 
dye (p 6oi), and is the fitst genuine vat dye of the anthiacene senes 
I he bath, howevei, is so stiongly alkaline that it cannot be used foi 
dyeing wool, but only foi cotton A number of halogen substitution 
pioducts and olhci dcuvativcs of indanthienc ( eg , algol blue 3 G, 
algol giecn G) aie also used extensively as vat dyes 

By conducting the fusion of / 3 -ammo-anthiaquinone with alkali at 
the veiy high tempciatuie of 330° to 350°, dissolving the melt in water 
in the piescnce of an and fillciing off the alkali-soluble by-pioducts of 
the leaction, there is foimccl m place of indanthicne a yellow dye stuff 
known as flavantlivene 2 or indanthrene yellow Q- 1 he technical 
method of piepaialion is to tieat /3 amino-antlnaquinone with 
antimony penlachloude in boiling mtiobcnzene solution Indanthrene 

1 R Schott, Bet , 1903, 80 , 34io, 3427* See also Bet , 1911, 14 ,1727 8 R Scholl, Bet , 

1907,10, 1691 
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and fiavanthiene aie also pioduced togethei in variable propoitions 
when /S-amino-anthraquinone is treated with acid oxidising agents, 
such as chtomic acid or manganese dioxide and sulphunc acid 

Another, substance which appeals to be lelatod to 'inthi icenc is aloin, C 10 IIjbOj(?), 
a stiong piugative piescnt in aloes, the dued juice of vanous species of aloe On 
heating with -tinedust it yields anthucene, and when oxidised with sodium peioxide 
gives emodln, a i 6 8 tuliydroxy 3 methyl anthracjuinone 1 With mono per 
sulphuric acid a tetialiydroxy methyl antlir iquinone is foimed 


XVI 

Plienanthi ene Gioup 

Phenanthrene, as alieady stated on p 534, is found with its 
stiuctuial isomeiide anthracene in the antlnacene oil of coal tat 
Aftei puufication of the ciude antlnacene by means of pyridine 
bases 01 solvent naphtha, the phenanthrene, owing to its gieater 
solubility, lemams in the molhei liquois, from which it is isolated 
The two hydiocaibons may also be separated by the use of caibon 
disulphide, or by paitial oxidation, which lc&ults in antlnacene being 
first attached In any case the production of phenanthrene is a 
mattei of small technical importance, since all efforts to make use 
of it in the dye-stuff industry have so fai been fi lutlcss 

In the pine state phenanthiene foims white glistening plates, 
mp 99 0 and bp 340° It dissolves veiy easily 111 ethei and ben/ene, 
but less teadily in alcohol, glacial acetic acid and caibon disulphide 
The solutions exhibit a blue fluorescence 


Constitution and Synthesis of Phenanthrene 

Fiom its chemical behaviour and methods of synthesis, phenanthrene 
has been assigned the following constitution (Fitlig and Osteimayer, 
Gt iibe and Glaser) 1 

( 9 ) (10) 

(8) CH CH 
HCC/=XC_CH <i) 

HC CH HC CH 

(6) ( 5 ) ( 4 ) < 3 ) 


1 Aich d Pharm , 1911, 249 , 311, 445 J pt Ch , [2], ign, 88, 211 Heh Chtm Aeta> 
192$, 8, 26, 140 
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The positions occupied by substituents m phenanthrene derivatives 
aie indicated by the use of numbers as shown above 

As will be seen fiom the formula, phenanthiene may be lcgarded 
eithei as a denvative of diphenyl or of naphthalene Its connection 
with diphenyl is shown by a number of syntheses, as well as by its 
degradation to this hydtocarbon For example, when phenanthiene 
is oxidised with chromic acid it fust yields phenanthiaquinone (see 
p 555) and then diphenic acid (p 489), a denvalive of diphenyl 
Hence it must be derived from diphenyl, C 0 H fi C o n 6 , in such a way 
that the gtoup C a I*I 2 is attached to each ben/ene nucleus 111 an 
<?-position to the bond linking the nuclei 


IIOOC COOII 



Plienmthrene Piphcnic acid 


The conveision of phenanthiaquinone and its derivatives into 
deuvatives of diphenyl-methane 01 Jluorene, as described on p 493. 
also suppotls this deduction Furthei confumation is obtained ftom 
syntheses 

Phenanthiene may be synthesised by the following methods 
I By vanous pyrogenic teaclions, such as by leading stilbene, 
diben/yl, toluene, <?-ditolyl, 01 a mixture of diphenyl and ethylene 
through led-hot tubes 


Coll, CH„ 


CflH 4 CH S 

0 Ditolyl 


He*U 
- > 


c,ii 4 -ch 



Ph omul lire no 



Bi C 0 H 4 CHnBi 

Bi C 0 Hj CH 2 Br 

0 13romobelibromide 


2, By treating <?~biomobenzyl biomide with sodium 
3 Fiom coumarone by heating with benzene 


C0H4- 
0- 


CII 

CH 


Coimmonc 


+ CJI 




c 0 h 4 —cii 


C 0 H 4 --CH 


4 II a O 


4 The lelationship between phenanthiene and naphthalene is 
lllustiatecl by the following synthesis fiom a dcnvative of naphthalene * 
Dihydio-a naphthoic ester (I) condenses with acctoacetic estei to 
give a dikelo-octahydio-phenanthiene caiboxyhc estei (II), which 
on hydiolysis and elimination of carbon dioxide yields diketo- 
octahydio-phenanthiene The latter on distillation with /111c dust 
is conveitcd into phenanthiene 
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S A general method, developed by Pschoi 1 1 foi pi epai ing phenan- 
threne and its deuvatives without employing high tompeiaUncs, is 
based on Peilim's teaction (p 441) 

if Nitioben^aldehyde may be condensed with the sodium salt of 
phenylacetic acid, in the piesence of acetic anhydnde, to foun 
a-phenyl-0-mtiocinnamic acid 

COOII 

NO a C 0 Hj CHO + HOOC CH. C 8 H b - NO a C 0 II, ch c/ +H ,0 

c„ii s 

This may be reduced to the amino-compound, which when 
diazotised and shaken 111 sulphuuc acid solution with coppei powdei, 
yields mtiogen, water and phenanthicne-io-catboxylic acid The 
lattet loses caibon dioxide on distillation and is convcited into 
phenanthiene 


H COOH H COOH 

C C C C 



This procedure is adapted to the prepaiation of a laige number 
of phenanthrene derivatives, since in place of niti obenzaldehyde and 
phenyl acetic acid we may also employ their substitution pioducts 
As will be seen shortly, the method has been used foi the prepai alion 
«rtain phenanthiene derivatives which aie of special mleiest 
mg hydiolytic products of alkaloids In addition, this synthesis 
on rushed valuable information regarding the constitution of a 

1 R Pschorr, Btr , 1896, 2B, 496 
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numbei of mono-substitution pioducts of phenanthiene, such as 
sulphonic acids, amino- and mtio-compounds 

Windaus 1 has lecently intioduced a small modification of Pschoir’s 
synthesis YVheteas Pschou utilises the condensation pioduct of <?-nitio- 
aldehydes and phenylacetic derivatives, Windaus employs the pioducts 
obtained fiom the unsubstituted aldehydes and oxindole (p 589) 
In the foimer case the nttiogen lequired for ling closuie is piesent 
m the aiomatic aldehyde, m the lattei it is contained in the phenyl¬ 
acetic denvative (oxindole) Windaus was thus enabled to synthesise 
phenanthiene denvatives {eg 9-inethyl-phenanthiene, m p 88° to 89°) 
which he had isolated as degiadation products of the alkaloid colchicin 
6 Diphenyl 0 c'-dialdehyde, when waimed with an aqueous 
alcoholic solution of potassium cyanide, undeigoes a foim of benzoin 
condensation and is con vet ted into phenanlhtaquinone a 


C a II 4 CIIO C fl H,—CO 

--> [ I 

c 0 h 4 cho c 0 h,-~co 

7 Benzil yields phenanthraquinone when melted with aluminium 
chloi ide This synthesis may also be applied to derivatives of benzil 3 

^0^0 CO _ C 0 Hj—tpO 

C 0 II 6 —CO ^ C 0 Hj—CO 

Chemical Behaviour of P/tenanthi enc —In its chemical leactions 
phenanthiene is moie closely related to diphenyl than to naphthalene 
The ccntial ben/cnc ling, formed by linking up the diphenyl rings 
with the giotip CO CH, is less stable than the othci two In othei 
words, the (9 10) "budge” of phenanthiene is attacked by icagents 
much mote easily than the lest of the molecule and is also icadtly 
ruptuied with the foimalion of diphenyl denvatives (sec p 547) 

Two examples will illustrate the case with which the budge is 
attacked Biomine leads with phenanthiene to give the 9 10-di- 
biomide, and this on being wanned splits off hydiogen biomide and is 
tiansfouncd into 9-biomo-phcnanthiene 


Colli—CII 

C 0 IIj—CII 

Phcmntlucnc 



C 0 II 4 —CIIBr 
C 0 II 4 —CHBr 

PhuiTnlhfeno 

dibromiclo 



C0II4- 

-CII 

Cflll,- 

-CBi 


9 Bromo 
phenanthrena 


In the piesencc of platinum black, hydiogen unites with phenan¬ 
thiene to fonn 9 10-dihydio-phenanthiene, 1 0^11^, a white ciyslalhne 
mass of melting-point 94° to 95’ 

1 A Wiruhiis and co workers, Bet , 1924, 67 , 1871, 18/5 " F Mijer, Bet , 1912,46, 

1102 8 R Scholl nnd Schwnrzcr, Bet , 1922, 66, 324 1 J Schmidt and F Fitschci, Bet , 

1908, 41 , 4223 See also Bet , 1907, 40 , 1240 
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Phenanthrene also possesses many points in common with its 
stiuctural isomende anthracene, fiom which it diffeis, however, not 
only in its greatei solubility in the common solvents, but above all 
in the fact that it is less leadily affected by oxidising agents 

Substitution Produots of Phenanthrene 

Fiom the established formula of phenanthicnc may be denved five 
diffeient monosubstitution ptoducts, corresponding to the positions 
i, 2, 3, 4, and io lespectively 

It will leadily be seen that the hydrogen atoms in the “budge” ate 
similaily situated, hence the 9- and 10 substitution pioducts aie the same 
A compaiatively laige numbei of chsubstitution denvatives is 
theoretically possible, and with still fuithei substitution the numbei 
of isomendes incicases in a mannei alarming to the expenmenter 

This enoi mous increase in the possibilities of isometism presents 
gieat difficulties in the way of piepanng phenanlhiene denvatives 
directly from the hydrocarbon accoiding to methods usual in the 
aiomatic series In addition, the physical propeiDes of many phen- 
anthiene compounds are not favouiable to expeiimcnlal investigation 
F01 these leasons and more paiticulatly owing to the fact that, 
contraiy to expectation, it has not been possible to use these 
compounds on any considerable scale in the dyemg mdustiy, 
chemists foi decades back have hesitated to cntei upon a systematic 
study of the phenanthrene gioup Only in recent yeais have attempts 
been made from diffeient quarters to supply the deficiency An 

impetus towards this end was given by icscaichcs proving the 
existence of a close relationship between phenanthicnc and ceitam 
impoilant plant alkaloids 

As the lesull of the work of a numbei of diffeient mvesligatois, 1 
it has been established with ceitainty that moiphme> codeine and 
thebame contain a phenanthiene nucleus, and furthei that moiphine 
and codeine are derived fiom a tetrakydio-phenanthiene, and thebame 
fiom a dihydro-phenanthrene 

The Coiydahs alkaloids and colchictn also contain the phenanthiene 
structuie, and in certain sesquiterpenes a hydrogenated phenanthiene 
01 anthracene nucleus may be piesent 2 

Following the above discoveries a numbei of investigations were 
made with the object of preparing now derivatives of phenanthrene, 
either synthetically or dnectly fiom the hydiocaibon® 

Thus, for example, 3 -nitfo-phenanthiene, rap 170° to 171°, and 
$-nih o-phenanihi ene, mp n6° to 117°, have been prepared by dnect 

1 Yongenchten, Bet , 1901, 84 , 767, 1162, 2722 Knon, Bet , 189 (., 27 , 1146 Freund, 
Btt t i899t 82 , 168 a F W Semmler, Bzr t *90?) 40 * f also J C S Ami , 
192 h p 101 a A Werner and co woikers, Ami , 1902, 831 , 348 , 822 , 135 J Schmidt and 
co-workcrs, Bet , Vols 88 60 H Sandqvist, Ami , 1913J 808 , 125 , 1918, 41 % r 
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nitiation, and fiom these the corresponding aimno-phenanthrenes have 
been obtained by reduction 

Neveitheless the piepaialion of nitio-phenanthienes by direct 
nitiation is tedious, owing to the 1 csimiication which so easily occuis 
Halogen-substitution pioducts of phenanthtene aie less troublesome 
to nitrate, and when the 9-biomo-phenanthiene desctibed on p 5491s 
heated with nitnc acid it yields 9 bfomo-io-mho-phenanlhi ene, m p 206° 

An obseivation of gencial interest has been made in connection 
with this compound 1 When heated in a closed tube to 320° with 
ammonium chloride, it is conveited compaialively smoothly into 
9 lo-dtchloro phenanthi etie, m p 160° to 161°, 




NH,C1 

- 



Cl 





The reaction may also be applied to othei aiomatic compounds 
For example, 0-biomo-mtrobenzene undei the same conditions yields 
fl-dichloro-benzene 




NII^Cl 


Cl Cl 



A condition for the success of this reaction is the ^-position of the 
substituents, since m- and /-bromo-mtiobenzenes lemain unchanged 
Sulphonalion of phenanthrene leads to the pioduction of 3-, 2- and 
g-phenanthf ene sulpkomc actds , C 11 I-I 0 SO s II 


Hyd> oxy-phenanth) ones 

Of moie importance than the compounds just described aie the 
liydroxy-phenanthrenes, ceitain of which, as will be seen later, have 
been obtained as degi adation products of the opium alkaloids morphine, 
codeine and thebaine They aie theiefoie of interest in connection 
with the constitution of these substances Ilydioxy-phenanthrenes 
may be piepatecl ftom the sulphomc acids by fusion with potash, from 
the am 1110-denvativcs by way of the diazo-ieaction, or by the synthetic 
method of Pschori (p 548) 

All of the five possible monohydroxy-phenanthrenes aie known, 
eithci in the fiee state 01 as the methyl etheis 

1 Hydroxy fihe>ianthr ene? point 156 , Methylethet, melting point 106“ 

2 Hydt 0 xy phcnan I In ene> „ 168°, „ „ 99° 

3 -Hydroxy phenanthene^ „ 124°, „ „ 63' 

4 Hydf o.xy fihenantln ute, „ 106° 10109°, „ „ 68° 

9 Hydtoxyphenanfhrent,, „ 153 

1 J Schmidt ind Lutlnci, Bo , 1904,87,4402 J Schmidt md Wignc r t Aim, 1912, 887 , 
164 9 J B Shocsmith 'uid Guthrie, J L S, 1028 , 2332 
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Among the dihydroxy-dorivatives, the most accessible is 9 to- 
dtkydi oxy-phenantkrtne or hydro-phenantlu aqumone, mp 147° t° * 48 ° 
It is conveniently prepaied by reducing phenanllnaqumone with 
hydrogen sulphide, 01 with the calculated amount (1 mol) of phenyl 
hydra/ine in alcoholic solution 

c 0 u 4 -c o c u Hj—c on 

I I —— >■ I I! 

c 0 h 4 ~c o c 0 ii,—c oii 

Fhenanthnqumone Hydro phenant hr aqumone 

In a similar inannei the mtro-denvatives of phenanthiaqumone may 
be conveited into the cori esponding hydro-phenanthiaquinones 1 

The compounds morphol and vtorphenol are impoitant degiadation 
pioducts of moiphme and its methyl ethei codeine 



Morphol, 3 x 4 dihjdioxy- 
phcmmhrene, in p 143° 




v/^OII 

Morphenol, m p 135 0 


V^NoCII* 

Methyl morphol, 3-methoxj, 
4-hydroxy phenanthicnc 


Morphol is a disiuption pioduct of moiphine in which no nitrogen 
is present It was piepared from moiphme metlnodide by heating 
with acetic anhydude, and for long could only be identified geneially 
as a dihydroxy-phenanthi ene Subsequently, some mfoimation as to 
the position of the hydroxyl groups was obtained from the observa¬ 
tion that the dihydroxy-phenanthraqumone prepated from motphol 
possessed dyeing properties 2 similai to those of alizarin, and hence 
should contain the hydroxyl groups in the oitho-position (see p 544) 
After the lelationship between morphol and mot phenol had been 
made clear by 1 educing the lattei to the foimer, the structure of 
3 4-dihydioxy-phenanthrene 2 was proposed foi morphol Confirma¬ 
tion of this formula was supplied by the synthesis of dimethyl-morphol 
described below, and later by Barger’s synthesis of moiphol itself 

Synthesis of Morphol 8 —This was effected from 3-pheiianthrol- 
4-aldehyde (obtained by the interaction of 3-phenanthrol, hydrogen 
cyanide and hydrogen chloride in the presence of aluminium chlonde) 
by treating it with hydrogen peroxide and potassium hydroxide in 

1 J Schmidt tmd Kampf, Ber % 1902, 85, 3123 B Vougenchtun, Ber ^ 1900, S3, 352 
s G Barger* J C 191S, 113, 21S 
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aqueous pyndine solution 1 The morphol oi 3 4-chhydioxy-phenan- 
thtene obtained melted at 142 0 



3-Phenanthrol 3-PhenT.nthi oi- 3 4 Dihydroxy- 

4-aldehyde phenanthrcne 

Synthesis of Dimethyl-morphol *—The starting-point tof this synthesis 
was the methyl ethet of vicinal d-nitiovanillin (I ), which was condensed 
with the sodium salt of phenylacetic acid (II) by Perkin's reaction to 
give «-phenyl-2-mtro-3 4-dimethoxy-cinnamic acid (III) The diazo- 
compound (IV) of the coiresponding amino acid in sulphuric acid 


I II III 




CII 8 0 


COOII 


VI 


\ 


CH „0 


/ 


CILO 


CH 3 0 


1 This reaction has been shown by H D Dakin (/lw CIJ, 1909, 42 , 477 ) to be affnerij 
method of converting hyd.oxy der.vatives of bensaldehyde and acetophenone into polyhydnc 

phenols a Pschoir and Simuleanu, Btt , 1900, SS, i8ir 



554 


DIMETHYL-MORPHOL 


solution parted with mtiogen and watei with the foimation of 
3 4-dimethoxy-phenanthrene-9-carboxyhc actd (V), which on dis¬ 
tillation gave carbon dioxide and dimethoxy-phenanthrene (VI) 

This synthesis establishes the 3 4-positions of the two methoxyl 
groups, as it is improbable than any mtiamolcculai icaitangcment 
could take place under the above conditions of cxpci iment 

Dimethyl morphol (formula VI) ciystalhses from alcohol in coloui- 
less leaflets, m p 44 0 With picric acid it yields a double compound, 
m p 105° to 106“ crystallising in ruby red pi isms 

The synthetic 3 4-dimelhoxy-phenanthiene is identical with the 
dimethyl - morphol prepaied from methyl - moiphol, a degradation 
product of codeine 1 

In connection with the constitution of morphine, the molecule of 
which contains an alcoholic hydioxyl and a phenolic gionp, 2 it was of 
importance to decide which of the hydioxyls of moiphol corresponds 
to the phenolic hydroxyl Now codeine, a methyl elhci of moiphinc 
m which the methoxy group takes the place of the phenolic hydioxyl 
of the lattei compound, had been degraded to acetyl-mcthyl-moiphol 
All that was necessaiy, therefore, was to deteiminc the position of the 
methoxy group in this acetyl denvative The point was settled by 
Pschorr’s synthesis of the acetyl denvative of 3-hydtoxy-4-melhoxy- 
phenanthrene by the above method, using vicinal rMiitrovamlhn 111 
place of the corresponding ether 



The synthetic ^-hydroxy-^-metho 1y-phenanthrene picpaied in this 
manner differs considerably fiom the methyl-morphol obtained as a 
disruption pioduct of a-methyl-morphimethine fiom codeine, hence 
it was concluded that the latter is repicsentcd by the stiuctuie 
3-methoxy - 4-hydroxy - phenanthrene This inference was shoitly 
afterwards confirmed by the synthesis of 3 - methoxy - 4 - acetoxy- 
phenanthraquinone, 3 which was found to be identical with the acetyl- 
methyi-marphol-qmnone from morphine 

Morphenol (p 552), which lepresents the moleculai skeleton of 

morphine and thebaine, yields on fusion with alkali 3 4 5-tnhydroxy- 
phenantlirene, 4 m p 148° 

1 Vongenchten, Ber, igoo, 8B, 1834 » Matthieasqn and Wright, Pioc Roy Sof, 1869, 

l 1 ?, 364 Hesse, Ann, 1884, 222, 203 a Pachorr and Vogtherr, Bit , 1902, 8E, 441a 
Vongenchten and Dittmer, Ber , 1906, 89, 1718 For a synthesis of 3 4 5-* ttHtlAoyy- 

*' r intAiene, see R Pschorr, Aim , 1912, 891, 40 
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i! following two hydroxy derivatives of phenanthiene have been 
< iom the opium alkaloid thebaine undei diffeient cxpeumenlal 

J 




O COCH 
O CH 0 


a 


Acctyl-iheb'iol 

(3^0- thmcthoxy^-^cetoxy-phoiimulirene) 




O CH 


8 


A 7 


\A 


O COC*H 




V 


-0 CH S 

Benzoyl thebaol 


lyl-thebaol, mp ii8°to 122°, has been prepared from thebaine 
ding iL with acetic anhydnde (Fieund) When treated with 
1 < thoxidc It is converted into thebaol, 3 6 dim ethoxy 4 hydroxy- 
ithrono, m p 94 0 The constitution of thebaol was proved by 
i, who synthesised it from vicinal <7- nitro- isovanillin and 
ovy-phcnylacetic acid by the method pieviously descubed for 
dioxy phenanthrenes 1 The fiist step in the process is the 
ion of the following compound 



s synthesis also establishes the position of the two methoxy- 
of thebamo, a point which will be lefened to later Bensoyl- 
h.is been picpaied m the foim of colouiless needles, mp 169°, 
at lion of benzoyl chlonde on thebaine B at o° 

.0 8 Toti’amotb oxy-phenanthi’eue, m p 108 0 , has been obtained 
tlegt.ululion of the alkaloid moiphothebaine It was also 
ns< cl by Pschon 8 by the method alicady quoted 


Phonanthi’aquinone and Its Derivatives 

inanlhraquinone, CnHflOa (foimula I below), is geneially 
*d by oxidising phenanthiene with chiomic acid in glacial 
acid solution It ctystalhses in orange-colouied needles, 

torn Siyild and Stolirer, Be* < 190a, 86, J ).0o ■* Pscliorr and Ilaas, Bet , 1906, 89, 

I'rultoif mitl ICm.mer, Jittu , 1911, 882, 5° 
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PHENANTHRAQUINONE AND ITS DERIVATIVES 


m p 208° At ordinary temperatures it is readily soluble in benzene 
but dissolves less leadily in ether, alcohol and glacial acetic acid 
Tt is odourless and not volatile with steam When a solution of 
phenanthraquinone in glacial acetic acid is tieatcd with sulphuric 
acid and toluene containing thiotolene (see p 586), a blue-green 
coloiation is developed, after dilution with water and extt action with 
ether, the colour changes to violet (Laubenheimei’s leaction) As 
already indicated under /3-naphthaquinone, it is closely related to the 
«-diketones in its piopeities With hydroxylaminc it forms, according 
to conditions, a monoxime (m p 160°) or a dioxime The former 
exhibits tautomerism, reacting accoiding to eithei of the foimulte II#, 
01 III) 


I II# 


C 0 II 4 — 

-c 

1 

0 

H„N OH C 0 H 4 - 

-^ 

-C= 

=n on 

QHj- 

-c 

0 


-c= 

=0 


Coll, 

Coll, 


III) 

-C—N O 

II 

-C—OH 


Phenanthiaquinone, like other «-diketones, leacts with o-diamines 
to give phenazine denvatives Thus with o-phenylcne diainine it 
condenses to form phenanth)aphenazmc (III) 


C 0 H 4 —c o 

I I 

C 0 H 4 — c o 



III 

C 0 H 4 —C=N 
C a H 4 _C=N 


\ 

/ 


C 0 IIj + 2lI a O 


The conveision of phenanthraquinone into diphenic aetd by 
oxidation with chromic acid mixture, and the foimatioii of diphenylene 
glycolhc acid by heating it with aqueous potassium hydi oxide, have 
aheady been mentioned (see pp 489 and 493) With alcoholic potash 
phenanthraquinone reacts to give diphenic acid or more complex 
products 1 

On tieatment with nitric acid (sp gr 1 4) moderate temperatiues 
phenanthiaquinone yields a inono-mttale ) and with excess of bromine 
at low temperatuies a dibromo addition product Consicleimg the 
ease with which these compounds lose mtuc acid and biomine 
tespectively, it is probable that they are oxomum compounds (see 
Pyrone) of the following structure 

C„H,-C 0<« NOj W,-C 0<®; 

C a H 4 —C 0 Coll,—C O 

Phenanthraquinone nitrile Phenanthraquinone di bromide 

1 R Me>er and Spongier, Bsr , 190J, 88, 440, 950 
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A T it> o-de.t ivatives of Phenanthraqumone 

All the possible monomtio del ivatives are known, with the 
exception of i-mtio-phenanthraquinone Of the dinitro-compounds, 
the symmetrical 2 7- and 4 5 -dimtto phenanthi aqumones have been 
pi cpai ed 

3 - Niti 0 - phenanthraqumone has been obtained by Schmidt and 
Kampf, and its structure confirmed by the oxidation of 3-mtro- 
pheiicinthrene 1 The remaining nitro-compounds have been prepared 
by chiect nitration of phenanthraqumone When boiled foi two to 
three minutes with concentrated nitnc acid of sp gr 1 45, the quinone 
is converted mainly into a mixture of 2- and 4 -mtto-phenanthraqumones 2 
Eneigettc nitration yields exclusively the above symmetrical dinitio- 
dei ivatives 

Theie is a tendency foi the two symmettical dmitro-derivatives to 
be foi med by the nitration of any of the monomtro-compounds so fat 
known The pronounced tendency foi substituents to assume the 
2 7-positions is also apparent in othei substitution leactions 

On oxidation with potassium bichromate and sulphuric acid all 
mtio-det ivatives of phenanthraqumone yield the conesponding mtro- 
diphemc acids 


o c—c o 



3 7 Dinitro-plicninthnqiiinone 


HOOC COOH 

° a N-<~>-NO^ 

pp -Dirutro-diphenic acid 


In the following table will be found the melting points of all known nitro derivatives 
of phcnantlnaquinoiiei together with those of the conesponding diphenic acids 


Kamo 

point 

Namo 

Molting point 

2 NHro phenTnthraqumone 

3 Nitro phentimhraqumonc 
4-Nitro phcniMhnqumonc 

3 7-Dmitro phenanthraqumone 

4 5-Dimtro phen'mthnqumone 

257 *58* 

279-280° 

(rlQOQtllp ) 

179 1S0 

301 

228° 

p Nitrociiphemc acid? 
tn Nitro diphenic acid 

0 Nitro diphenic acid 
^'-Dinitro dipheruc acid4 
tf^-DimtrcHdiphemc acid 

220-221° 

268° 

248 250° 

(deconip ) 

253° 

J 303° : 

{decomp ) 


1 J Schmidt ind co-workers, Bey, 1903 , 85, 3117 , 1908 , 41, 3679. i9°». s4 ’ 

9 T Schmidt md Austin, Bo , 1903 , 89. 373° Schmidt ind K-unpf, Bo , 88, 3731 * * 

Mooie md C II Ihmtiess, J A C S, 1937 , 49, 1324 4 The compound ot melting point 

35 3 0 contTins i mol II 3 0 
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On reduction with tin and hydiochloiic acid the mtio-compounds 
yield the corresponding amtno-hydto-phcnanthiaqumones, which aie 
gencially vety unstable in the fiee state and leadily undeigo oxidation 
to ammo qutnones The lattei can be diazotised and convciled in the 
usual mannei into vanous substitution products of phenanthiaquinone 
It will thus be seen that the mtio-phenanthi aqumones piovide the 
key to the constitution of most of the othei substitution pioducts of 
phenanthi aquinone 

They have, for example, been of set vice in dctei mining the consti¬ 
tution of the bromo-denvatives x Ihese can be obtained paitly by 
direct brommation, and paitly by the oxidation of biomo-phenanthienes 
On oxidation they yield the conesponding bromo-diphemc acids, as 
summarised in the following table 


I WatnQ 

Molting point 

Nivmo 

Molting point 

2-B1 onno- phe inn thr^qximono 

233 231® 

p Bromo diplicntc Tcitt 

238 339 ° 

3-Brom o-plicn'mthm qumono 

268° 

/;i-Bromo diphemc tchI 

257° 

(clcooitip )■ 

o-jiliemnthr aquinone 

126° 

— 

2 Dibromo-phenmxihraqitmonc 

323 ° 

pp '-Dibromo diphemc ncul 

277-2/8" 


Hydroly derivatives of phenanthiaquinone may be piepatcd as 
indicated above from the amino-compounds, or by the oxidation of 
acylated hydroxy-phenanthrenes Some of these have been of value 
in identifying the hydroxy - phenanthienes descubed eailier, which 
were obtained by the degradation of morphine, codeine and thebame 

7 .-Hydroxy phenanthi aquinone^ violet black needles, in p 280° to 283° 

^-Hydroxy phenanthiaqumotu, needles resembling alimun , acetyl derivative, 
m p 199° to 201 0 

\-Hydr0xyphenanthraqmnone i daik led needles, acetyl denvativc, mp 188'' 
to 189" 

4 %-Dthydtoxy-phenanthiaqmnone, chars above 400°, dimethyl cthei, ni p 190* 
to 191 0 

2 7 Dihydroxy-phenanthi aquinone, decomposes above 400°, diacetyl derivative, 
m p 236" 

3 \-Difiydi oxy-phenanthraqmnone, marpliol quinone, red, diacetyl derivative, 
m p 196“ Has been obtained synthetically, as already indicated, tnd idso fioni 
phcnantlirene by way of 3 nitro phenanthiaquinone “ 

Z-Methoxy-4 acetoxy phenanihraquwone^ aoetyl methyl moiphol (julnono, 8 m p 
aos 0 to 206° 

3 6 Dunethoxy 4 acetoxy phenanthiaguittoiii,^ acetyl thebaol qulnotio, 1 in p 203° 

a 3 yTithydroxyphenanthraquinone, in p 185® with decomp 

1 J Schmidt, Btr, 1904, 87, 3551 8 J Schmidt ind Soil, Btr, 1908, 41, 369S 

3 Synthesis, see Pschorr and Vogtherr, Bn , 1902, 86, 4412 ■» Pachorr, Scydel and Stolirer, 

Btr , 1902, 86, 4400 
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The sutphonic acids of phenanthraqumone have not yet been 
investigated m detail 3-Phenanthi aqutnone-sulphonic acid has been 
obtained from 3-phenanthrene-sulphonic acid by oxidation with chromic 
acid 1 


XVII 

Other Hydiocaibons containing Condensed 

Nuclei 


In addition to naphthalene, anthiaccne and phenanthrene, a number 
of hydiocaibons of still higher moleculai weight are known containing 
condensed benzene lings These may be descnbed veiy bnefly 2 


CII 3 C„II a —CH 


0 8 


C a H 7 C fl H a —CH 

Retenc or methyl- 
lsopropyl-phennnthrcne 

in P 98*, bp 391 ° 


/ CK \ 

lie CII 


c 


t 


/\ /\ 

HC C CH 


HC C CH 

Y V 


m p 


HC CII 
^CH^ 

Pyrene 

148°, d p 260760 mm 


c 6 H 4V 

j >CH X 
C 6 H 0 < ^CH 

FluorTiuhene or Idryl 
m p no fl , b p 250° 
(nt 60 mm ) 


H 

IIC CH 


lie c 

^c/^CH 


Ayv ch 

HC C C 


IIC 


CII 


YoAc/ 

H H 

Chrysene 

nip 2J>o° p bp 448 


HC 


H 

C- 



C 


HC 

\ 


HC 


TIC 

IIC 

V- 

Y c 

HC 

\c- 


H 

C \ 

CH 

< 

C 

c // ' Sn ch 


Q /CH 

c 

-< 

CH 

-C^ 


II H 

Picene 
m p 364° 


All these compounds aie contained in the fi action of coal tai boiling 
above 360°, 

1 A Werner, Ann , 1902, 821 , 339 2 See also lh* Ihqho Cmt Jar flydtacatfon$ } by 

A E Everest (Longm ms, Gicen, 1927) F01 the hydroc irbons jmphthacone, Claris ( m P 
335 °) md naphtlianthittoene, C ie n ]e (in p 141 ), cf G'tbuel nntl co workers, Bit , 1898, 81 , 
1272 t I goo, 88, 446 
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Reteue is present m ceitain fossil coniferous tesins found in deposits 
of peat and biown coal It is formed by the diy distillation of the 
wood of conifers, and can therefore be obtained fiom pine tai Pail 
of the letene in these souices piobably onginates fiom the dilcrpone 
derivative abietio acid (mp 153°), which has been isolated fiom resin 
01 colophomum (p 474) and yields ictene on being heated with sulphur 1 
Perhydfo-ntene or flohtelite, C 18 II 8S , is also found in fossil comfcious 
resins 2 Phcnanthrene, pyiene and fluoranthene also occui m “ Stupp" 
fat, a by pioduct obtained from the treatment of mcicuiy oies m Idua 

In recent years a numbei of hydiocaibons of this type have been 
piepaied synthetically 8 Accoidmg to Scholl, the condensation of 
aromatic nuclei with loss of bydiogen—a piocess long known in the 
foim of pyiogemc teactions—is gteally acceleiated in the presence of 
aluminium chloride In this way condensation can be salisfacloi lly 
effected at as low a temperature as ioo°, and the method can theiefoie 
be applied to substances which could not survive the diaslic conditions 
of a pyrogenic reaction 1 he practical details have been woiked out 
particularly for the union of aiomatic nuclei m cases whcic elimination 
of hydiogen leads to the foimation of new lings Thus naphthalene 
has been convened into 1 T-dinaphthyl, and the latter into perylone, 
CjoHjj, which was obtained in the form of yellow 01 bion/c leaflets of 
m p 264° to 265° 

1 Vereaterberg, 1903,80,4200 L Ruzicka mul M Pfeiffer, Ihk Umn At.la, 1925,8, 
635 P Levy, Btr , 1926, 50 | 1302 2 An isomeric pcihydio ictene h is nlso lx.cn obtunctl by 

tbe hydrogenation of retene, I pities, Btr ^ 1909, 42 , 2093^ 3 Scholl and 10 workcis, Ana, 

1912, 804 , II, 1913, 808,82, Btt , 1922,64,109 
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Heteiocyclic Compounds 

Reference has repeatedly been made to the occurrence of cyclic 
compounds in which the ting systems—unlike those of the carbocyclic 
series—are composed of othei elements in addition to caibon These 
aie generally classed undei the name of heterocyclic compounds 
Owing to then close relationship to members of the aliphatic series, 
ceitain denvatives of this type have alieady been descubed in the 
aliphatic section, eg ethylene oxide, diazo - methane, lactones, 
anhydrides, cyantnic acid and puune compounds These are readily 
prepaied from open chain compounds, and by lupture of the ling the 
lattei ate easily regenerated The nng systems of the compounds 
about to be descubed aie distinguished by gieater stability, ic , they 
are less leadily luplured Most of such rings lesemble the benzene 
nucleus in containing seveial unsatuiatcd linkages, and in chemical 
behavioui the heteiocyclic compounds also possess many points in 
common with those of the benzene senes 

Heteiocyclic systems are known in gicat variety, and then study 
foims one of the most inteiesting blanches of oigamc chemistry 
Only dcuvatives of nng systems containing caibon in union with the 
elements oxygen, sulphui and nitrogen will be consideied here 
Compounds of this type in which sulphur has been leplaced by 
selenium, and othcis which contain atsemc and phosphorus, have 
also been piepaied As in the case of carbocyclic compounds, a 
distinction is again diawn between rings containing thiee, four, five, six 
and a still higher number of atoms The elements which paiticipate 
with caibon in ring foimation are sometimes termed heteio~atoms } and 
accoidmg to the number of these present we speak of mono-, di-, 
01 tri-hcteioatomic lings, and so on 

In connection with the various caibon lings it has been explained 
on p 350 that the five- and six-membered types aie the most stable 
The same geneialisation holds true foi heteiocyclic rings Heteio- 
cyclic compounds containing thiee- and fout-membered lings aie 
1 datively unstable, as is shown by the fact that they aie difficult to 
form and leadily biealc up again Those containing five- and six- 
membeied rings, on the othei hand, aie usually distinguished by 
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PYRROLE GROUP 


compaiatively high stability With lings of greatei complexity, of 
which a few examples aie known, the stability again diminishes 
It should also be noted that the number of hetciocychc systems is 
increased still fuither by the existence of condensed polynucleai 
types Just as naphthalene is composed of two benzene nuclei, and 
phenanthiene of a benzene and a naphthalene nucleus, so in the same 
manner benzene, naphthalene and olhei nngs may condense with 
heteiocychc systems A complicated example of this land has alieady 
been met with in mdanthrene (p 545), and numerous otheis will be 
found m connection with quinoline, indole and then deuvatives 
Special importance attaches to those compounds in which a five 
or six membeted ung containing mtiogen is piesenl I his class 
includes the vegetable alkaloids and anlipyrin, of gieat value in 
medicine, and dye-stuffs such as indigo Compounds del tved from 
these systems will theiefore be treated m giealet detail Five- 
meenbered rings containing two 01 mote atoms of mtiogen aic 
frequently named with the ending “ azole” (pytazole, tnazolc, tetiazole) 
and six-membeted lings with the ending “azine” (pyiazme, Ina/inc, 
tetiazine) 


I 

Pyriole, Fuiane and Thiophene Gionps 

The heterocyclic compounds pyriole, fiuanc and thiophene (see also 
pp 248 and 251), which stand m close relationship to one another, 
will be described first 


I 


PYRROL] 



GROUP 1 


Among five-membeied ring systems containing mtiogen, the pyitole 
gioup stands out prominently Included unclei this heading aic all 
those chemical compounds, the molecules of which contain a ring built 
up of four carbon atoms and a mtiogen atom (I ) 



The presence of this ring has now been established m a sei tes of 
important vegetable bases, which had previously been regarded solely 

1 A detailed description of these compounds will be found in a monograph by J ScImnuU, 
I)u Chtnttt dts Pyrrols wud saner Demote (Enkc, Stuttgart, 1904), See also Cinmician, lit) , 
1904, 8 * 7 , 4201 
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as derivatives of the six-membered ring compound pyridine, viz, 
nicotine, hygnne, cuskhygrine, ati opine, hyoscyamme, cocaine, tropa- 
cocaine and olheis Further, E Fischer has obtained pyirohdine-2- 
caiboxyhc acid as a liydtolytic product of various proteins, and other 
investigators, including Willstatter, have proved that hemoglobin and 
chloiophyll are pynole denvatives, thus revealing an interesting 
connection between the colouring matter of blood and leaves 

The above examples piovide sufficient illustration of the importance 
of pyirole denvatives 

Pyrrole itself, the parent substance of this class, was first discoveied 
in coal tar and bone tai, and is also piesent among the distillation 
pioducts of bituminous shale Baeyer was the first to advance the 
formula (II) now geneially accepted for pynole 

The stiuctuial lesemblance between pynole compounds and those 
of fuiane and thiophene has been clearly demonstrated by the woik 
of L Knon and Paal, on the foimation of these compounds fiom 
y-diketones 01 their enolic modifications This is described more 
fully below 

Nowenclatm e of Pyrrole Derivatives —The position of substituents 
in the pynole nucleus is usually indicated by the numbers i to 5, as in 
fonnula III 

III Nil IV NH 


HC 

/x 
6 2 

CII 

HC 

a' a 

iCH 

HC 

i a 

CII 

HC 

i3' d 

CH 


Anothei system makes use of the letteis a, / 3 , as in IV Since 
positions a and a are equivalent, and also positions ft and ft, it is often 
convenient to distinguish mono-substitution pioducts as a- 01 ^-com¬ 
pounds lcspcctively Denvatives containing a substituent attached to 
nttiogen aie fiequently described as N-compounds 

Fiom the above it is seen that each C-monosubstitution product of 
pynole can exist in two isomeiides, as an a- 01 / 3 -derivative Each 
C disubstitution pioduct can occur m foui modifications, viz, as an aa- 
aft-, aft- 01 /3j8'-dei lvative 

Dihydio-pyi roles are known as pyirohnes , and the completely 
1 educed tetiahydio-pyiiolcs as pynohdtnes 

Kcto-pyiiohnes aie teimed pyrtclones , and keto-pynohdines are 
desenbed as pytfohdones Distinctions aie also diawn between 
vanous pyrrolones and pyirohdoncs, accoidmg to the position and 
number of kcto-gioups in the molecule The teim "pyuohdone” 
is commonly used to desenbe 2-keto-pyiiohdme Substances derived 
fiom it can be desenbed eithei as 2-keto-pyriohdine or as «-pyrrolidone 
denvatives, and may be legarded as lactams of y-ammo-acids The 
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lmides of the succinic acid gtoup, of which succinimide itself is the 
simplest 1 epresentative, aic oa'- or 2 5-diketo-pynolidines 


Nil 

iic/Nicpi 


lie 


CH 


HX 


HC 


NH 

/\ 


Nil 


Nil 


CII 


h 2 c 



CPI 


Pyirole 


Pyn olme 


II 2 C 


CII 


CII 2 

Pyuolidinc 


II 2 C 


IIX 



CO 


CH 


2 


Pynoliclonc 


Methods of Forming Pyn ole and Reduced Pyn ole Denvaiivcs 

1 The 1 4-diketones, when tieated with ammonia 01 pnmaiy 
amines, aie transfoimed with great ease intq pyn ole derivatives This 
synthesis is effected with equal readiness when the leagents are 
dissolved in glacial acetic acid, water 01 ethei, and appeals to depend 
on the intermediate formation of amino-ketones (Knon) 1 


CH 8 CO-CH COOC 8 H 6 

CH S CO--CPI COOC 8 PI 8 

Diacelo succinic ester 



CII a C —. C COOC 9 II 6 

NH 0 

CII S CO-CII COOC a H a 

Amino hexenone dicaiboxylic ester 


CII S C==C COOC 2 II 6 
Nil/ 

ch 8 C—=C COOC a II 5 

2 5 Dimethylpyrrole 3 4 dicarboxylic ester 

This reaction has proved of service in the ptepatalion of a gieat 
number of pyuole derivatives Any y-diketo-compound of the general 
formula R CO CH a CH a CO R may be employed, and the place of 
ammonia may be taken by pnmaiy amines, amino-acids, 2 hydroxyl- 
am me or phenyl hydiazme 

2 A second synthesis of pyn ole is also due to L Knort^ who 
succeeded m preparing 2 4 dimethyl-pyiiole~3 S-dicaiboxyhc estci by 
reducing an equimolecular mixture of lso-mtioso-acctoacetic estci and 
acetoacetic ester by means of zinc dust and glacial acetic acid B In a 
similar manner other pyrrole derivatives were picpared by ieducing 
mixtures of esters of ^-ketomc acids and their lsonitroso-compounds 


OH 


R 

j 

R 


1 


CO 

I 

CH 


N 

\ 

C 


Nil 


R. C 



3 


CO R 


4* 4H « 


Rj C 


C R 


C R 


H 3H a O 


1 L ICnorr nnd Rabe, Btr, lg o2, 86, 3801 W, Boische and Pels, Be, ,1906, SO, 387? 

mce many pyrro e envatives give a red coloration with a pine splint moistened with hydro 

chloric acid, the above method of preparing pyrroles may be used as a test for I 4-dikctones 

p J Schmidt and Sohall, Be, , 1907, 40, 3002 8 L Knorr, Am , 1886, 280, 

296 Be, , 1902, 86, 2998 Piloty, Be, , 1910, 48, 489 
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3 In ccitim cases the ieduction of a nnxtiue of an amino acid ester (eg i 
ammo ctotonic estei) with a i 2 diketone also leads to the formation of derivatives 
of pyuole 1 Reduction may be dispensed with altog'ethei if the diketone is 
replaced by a r 2 keto-alcohol of the type of benzoin, eg 


X CO 


X CH OH 


NHa 
9 CH, 

" i 


X c 


Nil 

/\ 


H COOR 


X C 


c cn 3 


C COOR 


+ 2 H 2 0 


4 A method fhst used by Hantzsch is to treat /? ketomc esters with chloro acetone 
and ammonia, when pyirole caiboxyhc cstcis are formed 0 


5 Willstatter® has shown that the action of ammonia 01 alkyl 
amines on 1 4-dibromo-acids of the aliphatic senes readily yields 
oaiboxylic acids of pyriohdine 


Br Bi 

IIOOC TIC CH COOII 

CII/-in cn s 


Nil 

IIOOC Iic/Ncil COOII 


+ NH S = 


II„C 


h allBr 


CH CH 


a 


In a similai mannei pyiiohdine derivatives can be obtained by 
the inteiaction of pnmaiy amines and 1 4-dibiomo-dcrivatives of 
hydiocarbons 

6 Anothei method of general applicability is based on the reduction 
of succmimide to pyuole by means of zinc dust and acetic acid, or 
hydrogen and heated platinum sponge (Bell and Bernlhsen) 


II a C 

CO 

lie 

CII 


I 

^>NII + 4H 

1 

.\nii -l 2lI a O 

IL< 

k — 

“CO 

HC 

CH 


In the same mannei substituted pyiroles aie foi med by the reduction 
of a vauely of acid lmides and lactams (which may also be regarded 
as keto-derivatives of hydiogenated pynoles) 

Different results aie obtained by 1 educing succmimide and its 
substitution derivatives by electrolytic means 1 (lafel) In this 
case the corresponding pyirolidonc is formed (foimuia I), togethei 
with veiy small amounts of pyiiohdine 


H 2 C CO 

Snrh 4II 

II a C CO 


I 

H a C_CII 2 

- \nrh ii 8 o 

H„C CO 


1 F Feist, Bet , 1902, 86, 1558 8 A Ilnnl/sch, Bet , 1890, 28, 147 ( Cf also Korschun, 

Bet , 1905,88, 1125 8 Bet ,1899,88, 1290, 1900, 88, 1160, 1901, 84, 1818, 1902,8s, 620, 

2065 Ann , 1903, 880, 91 * Intel, £ phys Ch , 1906, G4, 453 B Emmert, Bet , 1907, 

40, 912 


2 N 2 



566 


PYRROLE GROUP 


Since succinimides are readily prepared in quantity, 1 this process 
also rendeis the pynolidones easy of access 

7 On being heated with phosphoius penlachlonde, succinimide and 
the tmide of dichloro-maleic acid leadily yield chloimated pioducts, 
which on reduction give tctrachloro-pyuole By way of the tetia lodo 
compound the lattei may be conveited into pyriole 

Pyfiole itself is also obtained 

8 By the condensation of succindialdchyde with ammonia, 2 this 
is the simplest case of the reaction given undei method i, p 564 
An addition compound is fiist pioduced 


CH 2 CHO 
CH a CIIO 


CH„ CH(OII)(NII 2 ) 
CHj CH(OII)(NII a ) 


CII => CII\ 

>NII 

CH = CIV 


9 From the ammonium salt of sacchanc 01 mucic acid by distilla¬ 
tion, 01 better by heating with glycerol to 200° 0 


CHOE CHOH COONH 4 

HC 

CPI 

----V 

CPIOH CHOH COONHj 


j>NII + 2 C 0 2 + NII 8 + 4 H 2 0 . 

HC 

CII 


The use of substituted mucic acids leads to the formation of 
substituted pynoles 4 

10 In a similar manner pyrrole has been obtained from glutamic 
acid and its calcium salt 


h 2 c 

CH COOH 

H.C 

CH COOH 



^NH 2 - 

-> 

Nnii -> 

H C 

I* 

“COOH 

H 2 C ■" 

CO 


Glutamic acid Pyioglutamic acid 



11 Pyriole is also formed by leading a mixture of acetylene and 
ammonia through a tube heated to dull ledness 


2C 2 H 2 + NH 8 ~ C 1 H S N + H 3 

This reaction explains the occurrence of pyri ole in tar 


uumpounas or tne Pyrrole 




PYRROLE AND ITS GENERAL PROPERTIES 

The occurrence (p 563) and formation (p 564) 
tj, ° ? ave a read y been treated from the general standpoint 

{r^LCf ara(t ° ? \ ° f Pyn ° le IS best efFected from bone tar This is 
t severa times, freed from strongly basic substances by 

9 E Khounlk^'4 F 3 ^ trnes '/ ff « . ! 90 i. S 4 , 1488, 1902, 86, 1179 
Stemmann, C, igoj, I, 1 & tor tiie of this reaction see Pictet and 
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shaking with dilute acid, and again fractionated Pyrrole distils 
over in the fiaction boiling between 98° and 150°, and may be 
punficd by conversion into the solid potassium compound 

Pyrrole is a colouiless liquid which turns brown in air and smells 
somewhat like chloroform It boils at 130" to 131° under 761 mm , 
sp gr 09752 at 12 5 0 It dissolves sparingly in water but is 
readily soluble in alcohol and ether It is insoluble in aqueous 
alkalis and only dissolves slowly in acids On long standing or 
wanning in acid solution a red flocculent precipitate of a substance 
known as py/zole red separates 

In pynole vapoui a pine splint moistened with hydrochloric acid 
is coloured a pale red, which rapidly changes to an intense carmine 
red This icactton is employed as a test for pyrrole (see p 251) 

In the presence of dilute acids pyuolc readily unites with a number of compounds 
containing the group —CO CO—(such as phenyl glyoxalic acid, benzil, phenanthra 
qumonc, and alloxan) with the foimation of dye stuffs 

Salt Formation with Pyrrole—Pyrrole is a very weak base which 
dissolves slowly in dilute acids With strong acids it is rapidly 
lcsimfied Even fiom solutions m dilute acids it is only possible 
to isolate definite simple salts in a few cases, and resmification 
readily takes place This action of acids on pyrrole is probably 

due to polymensation (see below) 

Pynole combines with picric acid to give a very unstable picrate 

With ceitam metallic salts 1 it yields double compounds 

Salt fotmation can only be established definitely with derivatives 
of pynole which aie stable towards stiong acids Chief among these 
ate denvatives of dimethyl pyirole containing acetyl or esterified 
carboxylic acid gioups The negative radicals make the ring more 
icsistant, and at the same time the methyl groups increase the 
basic ptopeilies In its power of forming salts, pyrrole may be 

compared to diphenylamine 

p y/ ro ie S a/e aromatic tn character and possess points m common with 
both phenols and aromatic amines, as may readily be seen from their 


reactions „ , , , 

The analogy with phenols is shown by the similarity in behaviour 

of the Nil group in pynole with that of the phenolic hydroxyl 

gtoup potassium, fot example, leacts with pynole with evolution 

of hvdioecn and formation of a solid potassium compound, C 4 H 4 NK 

Pynoles, like phenols, readily couple up with diazonium salts to give 

azo-compounds In this case the azo-group assumes an option or 

if both of these are occupied, a 0 position Thus pyrro e an 

d.a.onn.mchlondeyi ^ ” ; hlc h 

fivrrole dtsazobenzene , C 0 il 0 N IN 6 6 

x S _ _ ___Wrtfivmmn and 


t I* 


__ n ( mjrrols with nickclous ammonium cyanide 


Arnoldl^ Be* , i9o6 t 89 , 34 ^ 
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the azo-groups are in the a-positions The analogy with phenols 
is also borne out m the behaviour of pyrioles towaicls mlious and 
nitric acids, In particulai, the nitioso-pyuolcs exhibit tautomenc 
phenomena similar to those shown by the nilioso-phcnoU (p 425) 
Nitroso-pyi role itself is a very unstable substance and can only be 
obtained in the foim of its sodium compound, N ONa)N 

Pyrrole, like phenol and aniline, is leadily substituted by halogens, 
all of the four methine hydrogen atoms being replaceable The most 
important halogen derivative is tetra-iodopyi 1 ole, which is dcsciibcd 
later 

The similarity of pyirole to aniline is specially evident in its 
behaviour on alkylation (see below) 

Organo-magnesium halides react with pyirole to form magnesium 
pyirole compounds of the type, 1 

PIC_C MgX 

\nii 

IIC CH 

These are useful foi the synthesis of pyrrole dcuvalivcs having side 
chains in the a-position With caibon dioxide, foi example, they 
give pyrrole-a-carboxyhc acids 

Opening of the Pyirole Ring by Means of IIyd>o\ylamine 

It has been shown by Cianncian that when hydioxylamine 1 cants 
with pyrrole the ring is opened and succmdialdoxime foimcd This 
reaction is the revef&e of the synthesis quoted 011 p 566, and appeals 
to be a general one for pyrrole denvatives 


HC 

CH 

HgC— 

—cn= 

=NOII 


! 

\NH + 2H 2 NOII . 




1 Nil, 

HC 

CH 

II 2 C 

J - 

—CH- 

=n on 


Transfonnatton of the Pyrtole Ring into the Pyridine Ring 

When pyrrole or potassium pyrrole is healed with sodium cthoxidc 
and chloroform, there is formed jS chloio-fyiidme* With methylene 
iodide, pyridine itself is obtained 


NK 

HC/\CH 


HO 


+ CHC1 


N 

Hc/ScE 


B 


CH 


HC 


+ KC1 + HC1 


CII 


C—Cl 


1 B Oddo, Cazz chm iltil, 1910, 89 , I, 649 
IB, 1172 Ciamtcian and Silber, Btr. 1884, 18 , 724 

I, ijj5 ” ’ ' ^ 


3 Ciamiciin and Dennstcdt, Bti , 1881, 
Cf also Plancher and Carrasco, C , 1905, 
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This is a general reaction for pyrrole, and is also given by its 
homologucs 1 and the indoles (p 591) 

Oxidation with chtomic acid mixture conveits pytrole into the 
imidc of maleic acid (I), 


IIC - CH 

I 

nc-cir 


NH 


I 

HC—CCL 

II >NH 
HC—CO' 


In a similai mannet substituted pyiroles, particularly the chloro- and 
biomo-denvatives, are oxidised to substituted maleic derivatives 

This oxidation has recently been recognised as a valuable means 
of detei mining the onentation of substituents in the pyrrole nucleus 
and also foi detecting the piesence of a pyrrole ring in substances of 
unknown constitution For example, the pyrrole nature of hcematin 
has been demolishated by oxidising the latter to a compound 
C 8 II 0 O 4 N, which pioved to be a substituted imide of maleic acid 

ltipynole } (C 4 II 6 N) b , is foimed under certain conditions 2 from 
pyrrole in the piesence of hydtochloric acid When heated to 300°, 
tiipynole decomposes into ammonia, pyriole and indole 8 

Olhci polymeis obtained from alkyl pynoles break up in a similar 
mannei, and the process therefore lepresents a passage from the pynole 
to the indole set tes 


N-Substituted Pyrroles 1 

Potassium pynole, CjIIjNK, is one of the most important deuvatives 
of this type and has been lepeatedly mentioned in the foregoing 
pages It is foimed togclhei with hydiogen when potassium is 
dissolved in pynole, and also on boiling pyi role with solid caustic 
potash A sodium compound cannot be obtained by these methods 

The potassium compound is the starting material in the preparation 
of a number of N-dei tvalives of pynole, since it reacts readily with 
vanous halogen compounds, eg , 

CJIiNKh I CII 8 = C^N CH. + KI 

N-Alkyl-pyrioles aie also produced by the above pyrrole syntheses 
by using alkyl amines 111 place of ammonia The N-alkyl-pyrroles 
lescmblc pyi role m having feebly basic piopeities They do not 
unite with alkyl iodides and aie less leactive than pyrrole 

1 Bocchi, GW c/tvn Ual , 1900, 80 , 1 , 89 Cnmicnn, Bet , 1904, SV, 4231 * D ® nnst ®l t 

,nd 5 ’immermium, Be, , 1888, 21 , Ip8 8 Dennstedt nid Voigtlander, Bet , 1894. 

170 1 Iho re])latoil)ility of the unide hydrogen -uom md the phenolic mture oi the 

nyrrolCB Is supposed to be due to tho acidir chsiricter ofithe two C = C groups present m the 
molecule Murckwald, Ann , 1891, 274 , xo Be, , 1895. 28 , ijor Erlenmeyer, jun, J pr 

Ch t igoOj 63 j 145 
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Wandering of Groups from Nitiogen to Carbon 

A point of special uiteiest is that N-derivatives of pynole aie 
transformed under the influence of heat into C-dei lvatives, in the same 
way as alkylated anilines aie conveited into homologucb of aniline 
(P 380) 

C t H, N CH a ->- H 8 C C,H 8 Nil 


Pictet and Ciepieux, 1 for example, by distilling N-pyndyl-pyuole 
thiough a tube at low red heat conveited it into C-pyiidyl-pynole 



CH CH 



CII CH 



This conveision formed one of the stages of Pictet’s synthesis of 
nicotine 

The N-alkyl-pyrroles have lowei melting- and boiling-points than 
the cori esponding C-derivatives 


C-SUBSTITUTED PYRROLES. 

Among the halogen derivatives of pyriole the most important is 
tetia-lodopynole or iodole, C 4 I 4 NH It was fiist prepaied by the 
action of an etheieal solution of iodine on potassium pynole (Ciamtcian 
and Dennstedt) Later, it was discoveied that it could be obtained 
fiom pyrrole, potassium hydroxide and iodine, and also daectly ftom 
pynole and iodine in the presence of indiffcient solvents It is 
employed theiapeutically in the treatment of wounds 111 place of 
iodoform, over which it possesses the advantage of being odourless 
and less poisonous, although milder in action It forms shining, 
yeUowish-btown leaflets, which on being heated decompose between 
140° and 150°, without melting When reduced with potassium hydrate 
and zinc dust, tetra-iodopyrrole is converted into pynole With mtious 
or nitric acids it yields nitro-denvatives 

Homologues of Pyriole —C-Alky 1-pyrroles are present with pynole 
m bone oil Their occurrence thus corresponds exactly to that of 
toluene and the xylenes in coal tar They may be obtained syntheti¬ 
cally by reactions already desenbed in the previous pages, and 

aie of interest in connection with the structuie of haemoglobin and 
chlorophyll 

Pyrryl magnesium bromide, which is formed with evolution of 
ethane by the action of magnesium on pyrrole and ethyl biomide in 
ethereal solution, can also be used in the prepaiation of alkyl-pyrroles 

1 Btr , 1895, 28 , 1905 
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On intcracUon with allyl iodide, for example, this compound yields 
n-altyl- and ad-d/allyl-pyt role 1 By treatment with sodium alcoholates 
it is possible to introduce methyl and ethyl groups into substituted 
pyi lolcs 8 

C-Alkyl-pynoles possess the same chemical character as pyrrole 
itself and give the same colour reactions In air they change more 
rapidly than pyi role, and although resnnfied with acids are somewhat 
moic stable in this respect than the parent compound 

Pyrrole derivatives with a methyl gioup in the a-position, and 
containing at least one unsubstituted nuclear hydrogen atom, have 
been shown to undergo condensation with aiomattc aldehydes 3 The 
aldehydes, howcvei, do not attach themselves to the a-methyl group, 
as is lhe case with a-substituted pyridine denvatives (see index), nor 
does the lmino-gioup cntei into leaction Two nuclear hydrogen 
atoms ftom two pyi i ole molecules are eliminated with the aldehydic 
oxygen atom in the foim of water, and the residues unite to give 
dipyt ryl-aiyl-melhane denvatives of the geneial formula, 


NH R NH 



m which the coupling may take place in the a- or ^-position of pyrrole 


Pyrrol* Derivatives from the Colouring Matter of 

Blood and Leaves 4 


It is well known that the colounng matter of blood is the 
hemoglobin picscnl m the ted coipuscles In contact with air this 
takes up one molecule of oxygen and is transformed into oxy¬ 
hemoglobin The coloui ing matter of blood is always isolated m the 
form of this simple derivative, except when air is very carefully excluded 
Oxyhemoglobin is soluble m water, from which it can be precipitated 
as a Imlhantly led ciystalline compound by the addition of alcohol 
It is composed of two patts, namely the actual dye-stuff, oxyhaematin, 
and the albuminous component, globin, united with it Glacial acetic 
acid bteaks up oxyhemoglobin to give the coloured product oxyhmnatm , 
C it M O.FeOII If sodium chloride is also present, a hydroxyl 
gio Upo foxy has matin is leplaced by chlorine and hamttt, C Bi H 82 N 4 0 4 FeCl, 
is formed Ilicmin thus appeals to be the chloride of oxyhsematm 

I hemoglobin (i educed hemoglobin) contains the globin m union 


1 1 / TI„ ijj. 4 B a II Fischer and Birtholomnis, Zetl physiol Ch, 1Q12, 

i K Hess, lit ) , 1913 , 48, 3135 ‘ ‘ „ (j ber den BluUarbstoff,” Btr % I9U, 

ll[ 6 5 o 6 R wSlIUcr,’“ Otcr PflanLfarbstoffc,” Bor p^yn^und 

nhitfnrbstoir imd cinigc Porpliynne," Zetl augm Chetn , 1925, 38, , 

ihre byiulicucii, 1 ’ Bet , J9 3 7» ^0, 2611 
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with reduced keematin , m which the lion is in the ferious state An 
impoitant advance was made in 1926 when I-Iill and Holden 1 
successfully sepaiated the natutal globm fiom ha.moglobin and showed 
that this undenatuied protein combined with ncutial oxyh«Jcmatm 
(/ H 5 to 10) to form metlwnioglobin (see p 773) Similaily with t educed 
hfematin (/ H 9 o) it yields hemoglobin itself On the othei hand, 
denatmed globm unites with 1 educed ha.matin to give Juemochromogen s 
Ha;min can be obtained in the ciystalhne state by adding blood to 
a hot satuiated solution of salt in glacial acetic acid It is a telia 
pyirole iron complex containing the oxygen in the foim of two fiec 
caiboxyl groups 

When non is lemoved fiom lucrum 01 haunatin, compounds known 
as porphyrins are obtained Accoidmg to the acid icagcnt employed 
foi this put pose (cone II^SOj, HC 1 , HBr in glacial acetic acid) the 
lesulting poiphyuns exhibit minor diffciences in composition They 
aie leadily identified spectioscopically and can be again liansfoimed 
into their complex iron salts, booming, which show a close spectio- 
scopic lesemblance to natiual hsemm Iron can usually be mtioduced 
without difficulty so that haemins and poiphyuns must have similai 
moleculai stiuctures Porphyrins aie also found m the living oiganism 
Hence it will be seen that reliable information as to the nature of 
haemoglobin may also be obtained by investigating the lion-fiee 
haematoporphynn. 

Among eather researches on the constitution of ha.min thiee 
degiadation methods have proved of gieat value 

1 Reduction with hydriodic acid in glacial acetic acid, fust employed 

by Nencki 

2 Kuster J s oxidative process, and 

3 Disruption by alkylation as earned out by Hans Fischei and 

Rose 

The most successful disruptive method is the reduction with hyditodtc 
aetd and acetic acid By tieating haemin in this mannei Nencki obtained 
heemopyrrole, which he regarded as a unifoim ptoduct and isolated in 
the foim of a meicury chloride compound and of a piciate The 
occunence of acid constituents in the reduction mixluie was fiist 
established by Piloty, who isolated heemopyrrole carboxylic aoid by 
employing tin and hydrochlonc acid as reducing agents Nencki 1 •> 
method was subsequently re-examined by Willslatter, Hans Fischer 
and also by Piloty As a result it was found that the hasmopyuole of 
Nencki was not a homogeneous pioduct but a complicated mixture 
Othei acid components weie also dtscoveted associated with ho-tno- 
pyrrole-cat boxy lie acid A complete summary of the leductlvc 

1 Hill and Holden, Bmhtm J , 1936, 20, 1326 a Anson and Mirsky, J Physiol , 1923, 
60 , 50, see, however, Ann Rip Chem Soc, 1927 , 265, 267, 
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disiuption pi o cl nets of hacmin isolated by these methods is given 
below 

Reductive Disruption Pioducts of Hcemtn Hcemopyrrole Bases 

n.c ii —r, C ; II, H„C IT — 1 C,II, h„c n—ri c,n, h,c n c a ii r , 


n 


II 


ii.c x/ 

Nil 

i Htcmopyrrolo 


H CII tf 
NH 

3 Kryptopyrrole 


C 2 n fi 

CIL 


H s c X/ 

NH 

3 Ph} nopyrrole 


ix \y ii 

NH 

4 Opsopyrrole 


Hcemopyttole Carboxylic Acids 


n 8 C 


ILC 


CII 0 CIL COOH ILC 




CIL, CIL COOH ILC 


B 


8 ' 


H \J> CIL 
Nil 


CIL CIL COOH 


a 


cn 


5 Iliuiiopyrrolo cftiboxylic ncitl 6 Kryptopyrrole carboxylio acid 

II H C ff— i CIL CIL COOH 


H S C WL, 

NH 

7 Phyllopyrrolo carboxylto nuld 


ILC 


ii \y n 

NH 

8 Opsopyriole carboxylic ncul 


i cn 2 CH S coon 


ii \/ c a ii 6 

Nil 

9 Xinthopyrrole carboxylic acid (?) 


Good yields of alkylated decomposition products are obtained from 
lire mm by heating it undci pressure at 230° with alcoholates, especially 
potassium methoxide The latter leagent leads exclusively to the 
formation of phyllopyrrole and phyllopyriole caiboxyhc acid, thus 
confiiming the above lesults 1 

Another valuable piocess is the oxidation of Juennn and crude 
hceinopyt 1 ole fiisl earned out by Kustei a The oxidative disiuption of 
poiphyrms in geneial has given much mfoimation concerning then 
stiuctiue 

Oxidative Disiuption Ptoducts 

ILC 


O 

Nil 

10 llicmitic icid 



cn 2 ch 2 coon 

ILC 1 


\ ) 

0 

0 

\ / 


11,0 

o 


n 8 c 

o 


XOOII 

cn, cn< 

^COOII 

0 


Nil 

12 Cirboxy liTm itic icid 

XII a Bi 


c»n 6 
o 

Nil 

11 Methyl ethyl ititlctc imide 

/CH 

cu<r 


8 



II 8 C 

o 




0 CH 


0 


\/ 

Nil 

13 Imide m p 64 



cn< 

x ocil 

n 8 c 


I-I 

ii 3 c 


\ ) 

0 

0 

V ) 

0 

0 

\ ) 


Bl 

O 


NH Nil NH 

14 Imide, m p 75° 15 Citracomrmde 16 Bromocitrtconimide 

1 II Fischer tnd Rose, Zttl physiol Chew , 19131 07 , 39 a W Itllster, Bet , 1902, SB, 
2948, 1907, 40 , 2017 
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Kuster isolated heematic acid by oxidation of the colouring matters 
of blood and bile, and it has in addition been obtained from many 
porphyrins The oxidative conveision of these compounds Into 

haematic acid (10) and similai derivatives has not only proved of 
great value in determining their constitution, but also led to a moie 
systematic examination of the products of reductive disiuption (p» 57 2 ) 
and to the isolation of pyii ole-carboxylic acids fiom this source 
Haematic acid has been synthesised by ICuster 1 from acetoacetic ester 
A further oxidation product is the carboxylated haematic acid 
formulated provisionally as in 12 above, which on being heated to a 
high temperature yields haematic acid and methybethyl-malcimmide 
Itis obtained by oxidation of woporphyitn and its synthetic analogue 
iso-uroporphyrin 2 

Among other important disruption products aic the methoxy- and 
bromo-methoxy imides 13 and 14, both isolated by ICuster 8 by oxida¬ 
tion of tetramethyl-haematoporphyrin dimethyl ether The sliucture of 
these compounds has not yet been fully con Rimed 

Finallycltracommkleand bromocitracommicle (16)maybe mentioned, 
these were obtained with haematic acid fiom deuletoporphyrm, 1 dibromo- 
deuteropoiphyrin and bromopoiphyrin 6 

Dipyrrole degradation pioducts of hsemm and of poiphyiins ate not 
yet known, although hllirufclo aoid was discovered almost at the same 
time by Piloty°and II P ischcr 7 among the 1 eduction products of the 
colouring mattei of bile The constitution of this compound together 
with that of its dehydrogenated derivative aie given below 


IIjjC 

HO* 




cii 3 cn 2 coon 
CII, 


Xintho biltrublc ncid 


H 8 C 

no 



Ditimbic ncid 


cn a cii 3 coon 
cir a 


The brown colouring mattei of bile, bihi uhtn y C 80 H ao O o N Al also 
resembles hsemln in yielding haematic acid on oxidation with chromic 
acid 

A consideration of the disiuption pioducts described in the fore¬ 
going pages, shows that htemm and the poi phyi ms must possess very 
complex molecular structures 8 From the experimental evidence 


1 KUster and Weller, B$r , 1914, 47 , 532 3 II Fischer and P Ilouel, Ann , 1927,457,99* 

s W Klister, Zeit phy$tol Chm , 1927, 168 , 270, 168 > 295 * II bi&cher and F Lindnerj 

Zt%l phystoh Chm , 1926,161,18 0 II Fischer and F Kotter, Bi r; , 1927,60,1862 0 Piloty 

and Thannhauser, Ann t 1912, 890 ,191 7 H Fischer and R6se, Btr , 1912, 46 , 1 579 'J; Ztli* 

physiol Chm , 1914, 89 , 2$S 8 W KUster, ZtU physiol Chtm , 1927, 168 , 267* 
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Kustei deduced a foimula foi has mm which was almost identical with 
the following of Ii Fischei 



Final proof of the constitution lesis upon the biilliant syntheses 
of H Fischei, 1 which have resulted m the synthetic prepaiation of a 
great number of potphyiins, including protopoiphytm (the iron complex 
of which is hmmin), luematopo}phyi m and mttopoiphynn 

Among poiphyrlns found in the organism may be mentioned 
koptopoiphyuiiy CgoII^NjOg, present m faeces and uilne, and uropor- 
phyttn, C w II 08 N 4 O lfl) in urine 

The foimation of haemopyriolc undei the conditions desenbed on 
p 572 is not only of importance in connection with the constitution of 
the colouring matter of blood, but has also a dnecl bearing upon that 
of another natural colounng maltei, ohlorophyll 

Nencki and Marchlevvski also obtained hmmpynoh by reducing 
phyllocyamn (one of the parent compounds of phyllopoiphyrm, and 
closely related to chlorophyll) with hydi iodic acid and phosphomum 
iodide This reaction provides definite proof of the close relationship 
existing between the colounng matteis of blood and of leaves 
Wiilsthlter and Asahlna 2 later prepared hsamopyriole from phyllo- 
porphyrin and other chlorophyll derivatives 

Degradation reactions similar to those carried out by Ktister on 
haematm have also been applied by Marchlewski to phylloporphyrm, 
The significance of this connection between chlorophyll and the 
colouring matter of blood lies in its indication of a kindred relationship 
between the vegetable and animal organism The form of a living 
coll is regulated by its metabolism, and this in turn is dependent on 
its chemical natuie Hence the above resemblance between two 
substances of such different functions Is of great importance for the 
correct understanding of the history of the development of the 
organism 

1 H Fischer and co-workers, A mi , 448-408 j especially 1929, 488 , g8 Q Atm , 1911, 

888,188 
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PYRROLE GROUP 


Pyxiole 2 aldehyde, 1 CjTI^CII 0 )NH, is foimcd by the mteiactlon of pyrrole 
and chlotoform m the presence of aqueous potassium hydioxidc, thus providing a 
Rather lllusti ation of the similarity between pyrrole and the phenols (soe p 5^7) 

C,II 5 N | CI 1 C 1 8 + 3KOII = CJI,N(CnO) I 3KU | aII a O 

It crystallises from cooled petroleum other in colourless odourless prisms, m p 45 0 , 
and shows no resemblance to benzaldehyde 

Other repiescntaiives of this difficultly accessible class have been piepmed by 
II Fischer, the aldehyde gioup being introduced into the pyriole nucleus by 
Gattermann’s method, using anhydrous hydiogen cyanide met diy hydiogen clilonde 
in absolute ethereal solution 

Pyrrole Carboxylic Acids ■ —A laige pi open hon of the pyuole 
deuvalives known at piesent are carboxylic acids The simple pyriole 
caiboxylic acids tescmble phenol caiboxylic acids and are foimed by 
similai leactions, eg — 

1 By the oxidation of homologues of pyuole by fusion with potash 

2 By treating potassium pyrioles with carbon dioxide, 

CjIIjNK-i CO z « C,n 8 (COOK)NII 

3 From pyrioles by inlet action with caibon tetrachlonde and 
alcoholic potash 

Eslcis of homologous pyriole caiboxvlic acids can be obtained 
accoiding to the methods given on p 564 When heated, the 
caiboxylic acids leadily pait with caibon dioxide and yield the 
conespondmg pyuole 

Since pyirohdine-d-caiboxylic acid has been identified as a 
disiuption pioduct of piotems, 2 and othci pytiolidinc caiboxylic acids 
have been discovered in tropinic acid and hygunic acid, which ate 
degradation products of alkaloids, a numbei of attempts have been 
made to prcpaie these acids by hydrogenating the conespondmg 
pyriole caiboxylic acids or esters So far, however, no satisfactoiy 
method of effecting this change has been discovered 

2 Hydropyrrole Derivatives 

Ilycltopyiiole derivatives (see Pynohne and Pyuohdine, p 5 ^ 3 ) 
aie obtained paitly by cluect hydrogenation of pyuole dcnvatives, 
paitly by the degtadation of alkaloids, and paitly by synthesis ftom 
aliphatic compounds In addition, ceitain tetra-hydro-pynolc bases 
may be picpared from pipendines by a scries of leactions to be 
descnbed later, which involve the Iransfoimalion of a six- into a five- 
membeied ring The reduction of pyriole compounds to di- and 
especially to tetra-hydro-deiivatives offeis considerable experimental 
difficulty, m this lespect these compounds diffci fiom the pyridine 

gioup 

Addition of hydiogen brings about a decided change 111 chemical 

1 E Bamberger and Djicrdjum, Bet , 1900, 08 , 536 8 E Fischer, / pkynol Ch , 1901, 

83 , Igl, 412, 
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natuic Wheteas pyuolc itself is quite a weak base, pjtroline and 
to a still highct degree pyirohdine possesses the strong basic piopeities 
of the secondaiy aliphatic amines This is the usual consequence of 
hydiogenating an aromatic system, as has alieady been seen in the 

case of the naphthylamines and will be observed again in the pyridine 
gioup 

Pynohtie is a veiy volatile cotomlcss liquid, which boils al 90" <748 mm) and 

fumes in air It icadily absti icis moisuite fiom tlic an and is thcicfoic difiictilt 
to obtain fiec ft cm l iuccs of watci 


Tlll< PYRROLIDINEb 


Pynolidinc and its derivatives ptesent a stiiUmg lesemblance to 
the couesponding compounds of the pipendine senes This similauly 
extends even to physical piopeities and is best illustiatcd by 
companson with the analogy existing between compounds of the 
pentamethylene and hexamcthylcnc gioups 

"I he dtscoveiy of pynolidinc m 1885 was followed immediately 
by the lecogmlion of its lcscmblancc to pipendine and its descnption 
as a nucleai homologuc of the lallci (Ciamician) 

lhe term nucleai 01 i*lng homology, which was ongmally used only 
to descube the 1 elation ship of the fiec patent bases, can m the sLatc 
of out piesent knowledge be extended compound by compound to the 
couesponding membcis of the pynolidinc and pipendine senes In 
this mannei the similauly is found to hold tiue foi all the moie 
impoilani types of denvatives 

Pyrrolidine, tetmhydio-pyr>ole, tetnimethylenc-innin , C,II 8 NII, may 
be obtained by the following methods — 

1 It was fust picpated 1 by heating pyn ole with hydnodic acid and 
phosphonium iodide at 240° to 250° Obviously the less hydiogenalcd 
compound pynohne must be fonned as an mlcimediate ptoduct, and 
this can also be used as stalling malenal 

2 By the 1 eduction of ethylene cyanide Ladenbutg obtained 
pynolidinc togelhei with tctiamethylenc diamine (I) It is also 
pioduccd by distilling the hydiochlondc of tctiamethylenc diamine 

3 A similai mode of piepaiation was rhscovcied by GabncH in the 
inteiaction of tf-chloio bulylaminc (II ) and sodium hydioxide 


I 1 I 2 N CIL GIL CIIj GIIj, NIL -iS. ILL—CILv 

| >NH 

11 a cn 2 ch 2 cii 2 ch 2 nii 2 ii,g— cu/ 

Despite Iho vaiicty of piepatalive methods available, pynolidinc is 
a difficultly accessible compound It is a stiongly alkaline liquid of 

' Cinimcnn and Mignngln, lie, , 1885, 18 , 2079 More iccontly tlie reduction )ms boon 
eUccted by means of nickel ns catalyst by the method of Snlntier and Senderens (Padoi. ( 
1906, X f 1436) * Bet , 1891, S34, 3^33 Cf also bchhnck, Be* , 1899, oa ( 947 

2 0 
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V\ IU10LID1NH 


boiling-point 86° to 88°, it is miscible with watci and possesses a 
pungent ammoniacal smell lecallmg that of pipetidine In genetal 
it shows gieat similarity to piperidine 

Behavioiu of Pynolidmt on Exhaustive Methylation —Ii dimclhyl- 
pyiroliclmium iodide (III ) be heated with caustic potash, a decomposi¬ 
tion ensues lesembhng that desenbed later undci chmethyl-pipendinium 
hydioxtde Undei these conditions the ling opens 1 with foimation 
of an unsaturated aliphatic base, AMnitcnyl-dimcthylammc (V), 
(mcoiteclly called dimethyl pynohdine) I he melhiodide of this base, 
on distillation with alkali, yields tiimethylarmnc and an unsatuiatcd 
aliphatic hydiocarbon known as pytiolylene oi divinyl (VII) The 
exhaustive naethylation of pynohdine may be lcpiesentcd in the 
following stages 0 — 
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Homologuos of Pyrrolidine— I lit pi cpai alive methods desenbed 
undei pyiioluhne aie also available foi the foimation of its liomologues 
(see p 577) In addition, a icaetion has been discoveud by Moiling,® 
by means of which the sn-mentbcicd pipouhne nuq can be converted 
into tin. Jive-vumbeied ung of pynoluhne 

Pipcndine, or pcntamelbylene-immc, unites with methyl iodide 
to foi in dimethyl - pipei ldinium iodide, the hydioxide of which 

* Dcliilcd Information ns to the IjcUtvioui of the diffcicnt tychc Insca on “cxtnustnc 
methyl lUou M will bo found m a monognph by J Schmidt, fklet rfu IIaiogenalL^IaU uni 
tjttaUnuit tn A mtmnutmbasen (linkc, Stuttgart, 1809) 1 1 m the diaiuptloh of the pyrrolidine 

ling by the phosphorus halide method, &ce j v Hriun, Jh) , 1906, 80 , 4119 Invc'stigallon 
of tlm disruption by means of cyumgui bromide has led to Lhc unexpected icaiilt tint (he 
pyirohdiuG ring is much more reiddy opened (hm the piperidine nng, J v Ihiuuc Bv , tQlti 
4 ,^ 115a 1 *1 tm , 189r, 204 , 3x0, 189^ 27 Q, 1 
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Cl) on distillation gives an open-chain compound (II) known as 
A^pcntenyl-dimelhylaminc (sometimes mconcclly called dimethyl- 
pipcndine) The addition ptoduct (III) foimcd by the lattei 
with hydrochlouc acid easily isomeiises into the methochloiide of 
i 2-dimethyl-pynolidme (IV), which on stiongei healing breaks 
up into methyl chlondc and i 2-climethyl-pyriolidine 
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Just as pyitolichnc on exhaustive mclhylation gives the unsalmalcd 
hydiocaibon divinyl, CII 2 Cl I CII CII, (see p 578), 3-melhyl- 
pyiiolidine gives /CLmelhyl-divinyl, CII 2 CII C(CII,) CII 2 , which is 
moic eommonly known as isopicne 1 


PvuROirmNi Carjjoxyik Acids 


Ccilain impoiLant degiadation pioducls of the coca and ahopa 
alkaloids have been identified as caiboxylic acids of pynolidmc, 
vu, hygumc acid and liopinic acid luulhci, it has been shown 
by E Lischci that pynolidme-2-caiboxylic acid occius as a 
hydiolysis pioduct of casein, egg albumin, blood libun and other 
albuminous substances when they aie tiealed with hydiochlouc acid 
As a icsult of the above discovcnes the pynolidmc caiboxyhc 
acids, which had picviously been little examined, wcie investigated 
m gicatci detail l*oi gcncial methods of synthesising these 
compounds lefucnce should be made to p 565 I he application of 
the methods to special eases is descnbed below 


CII coon 


Pyrrolidine 2 oarboxyllo aoid, a-pyi 1 oh dine cat boxj'hc acid, pioline, 
was fiisl isolated in an optically impute Afonn 
by E Pischei, fiom the mixtuic obtained by r/Vn raniT 

hydiolysing casein with hydiochlouc acid It has 2 , 

since been obtained from a numbci of othci 
pi oleins" 

Ilcncc it must be assumed that pynolidmc-2-uuboxyhc acid is 


a pumaiy pioduct of the hydiolysis of pi oleins, and that it is an 
impoitanL milt of the piotun molecule 


1 W luitei, C , 1898, X, J|7 ® I' I isditi mul co woj ken, / fi/iysto/ Ch , 1901,88, 151, 

\l* , 8fi, 80, aay * 80 , 268, |6s , 80 , 81 , 40 , 215 Safthskm uml Kowilewsky, ibut , 1903, 88, 
567 KoshcI, tbul y 190^ 40 , 31J Abdcihiiklcn, tbtd % 190^ 41 , 55, 44 , 17, 276, 40 , 2 j, 3 t 
G NenliLrg, C , 190^ IX t 1576* 
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PYRROLIDINE CARBOXYLIC ACIDS 


Syntheses of Pyi i ohdine-2-cai boxylic Acid —I The synthesis of 
Wihstdttei ancl EUhngei 1 is an adaptation of the geneial piocedute 
described undei 5, p 565, and is earned out as follows —• 

Moleculai quantities of tumethylene biomide and sodio malomc 
estei intei act under ceitain conditions to give bromo-piopyl-malomc 
estei, according to the equation 

CHNa(COOC 8 II B ) 2 H CH 0 Bi CIL, CI-I 2 Bi 

= NaBr + ClIaBt CH, CII 3 CII(COOC 2 PI 5 ) 2 

This, when tieated with biomme, yields a<S-dibiomo-piopyl-malomc 
estei, which can be condensed with ammonia to foim the dtannde 
of pyiiohdine-2-dicarboxyhc acid On heating with hydiochlonc 
acid the latter is smoothly convctled into pynolidme-2-caiboxylic 

acid 

2 Fischer has piepaied the compound in a similai mannci by the 
intei action of ammonia and phthalnnido-piopyl biomomalomc estei, 

CO 

on/ >n cn 2 cn 9 cn 2 CBr(co a c a ii 0 ) a 

>CCK 

3 Accoiding to Putochin 2 piolinc may be piepaied by the 
dnect action of tumethylene biomtde on amino-malonic estei, 
NH 2 CII(COOC 2 H 0 ) 2 Naluially these syntheses yield the acid in 
the lacemic foim 

Aftei caieful drying, <\\-pyn ohdme-z-cai boxy he acid melts with gas 
evolution at 205° In aqueous solution it gives a weakly acid icaclion 
with litmus, and possesses a sweet taste F01 the scpaiation and 
identification of the acid the copper salt 8 is of seivico, and has 
frequently been used by Fischei for identifying the compound 
obtained fiom ptolems If the acid be satuiated with piecipitaled 
coppei hydioxide, a daik blue solution is obtained from which the 
coppci salt (2 H b O) deposits in deep blue foui-sided plates The 
salt dissolves teadily 111 hot watei, but only spanngly m the cold It 
is slightly soluble in alcohol and insoluble in chloiofoim 

\~Pyn oh dine- 2 -cai boxylic acid founs flat needles, melting at 205° 
Rotation in aqueous solution [a] a “ = —71 94 to —77 40°, in hydiochlonc 
acid solution [«] 2 £ = —46 53 0 , and in alkaline solution [«] 2 £ = — 83 48° 
On being heated for five horns with baiyta at 140° to 145°) 11 1S con " 
veited into the racemic foim 

1 WiUfltHtter \nd Ettlmger, Bet t iQOo, S 3 , 1160 Amt * 1903* 828 , 91 
Bet , 1923, 66, 2213 3 Amty 1903^ aaa, 105 Bet , 19DI, 84 , 459 


a N J Pulochm, 
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p’ Hycli oxy pyrrolidine a cai boxy lie aolil, hydtoxy fit ofonc, Ins been identified by 
F Fischei -unong the hydiolysis products of gelatin and synthesised by Leuchs 1 in its 
vaiimts slereoisomcnc forms by the action of nnnnoni i on aS dicliioio valciolactone 


CII U CII Clio CIIC1 
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Q ■ — ——■ ■ * CO 
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cir. cii(Oii) cir, 
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NH-CII COjII 


Tropinio acid, 1 motbyl-pyi’i.'olidine-2-oai'boxy 6 acetic add, 

ciio—cir ciio cooii 
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cii,—cii cooir 


When tiopine and eegonine (see chaptei on Alkaloids) ate oxidised 
with chiomic acid* 1 they yield dicatboxyhc compounds, CaH^NO,, 
known as tiopime acids These diffet only in then optical piopeities, 
the oxidation pioduct fioin liopine being inactive, and that fiom 
eegonine dextioiotaloiy 

I he constitution of tiopime acid has been established by Willslattci 
m the following way 

1 liopmic acid duivcd ftom vaitous sotuccs was submitted lo 
exhaustive mclhylalion, and in cveiy case the same product of com¬ 
position, C D II 0 (COOII)„ was obtained, which fioin its bchavioui with 
bionnne was shown to be a diolcfituc dicatboxyhc acid This acid, 
on being ieduced in alkaline solution with sodium amalgam, gave 
a paitly leduced acid togclhci with a salinated acid identified as 
noimal punclic acid 1 I hese facts taken in conjunction with ccitam 
reactions of liopmonc (see this) wcic sufficient to establish the con¬ 
stitution of tiopime acid 

2 By ti eating tiopime acid (oi bellci, ecgonimc acid) with chiomic 
acid mixtuic, Willstatter obtained melhyl-succmimide The pynohdine 
nucleus of this acid, and Ihcicfoic of ti opine and eegonine, has thus 
been isolated m the fonn of a simple well-known compound 

Racuntc tiofimic acid is vciy soluble in watci, difficultly soluble in 
alcohol, and insoluble in ben/cne and clhei It melts indefinitely 
with decomposition at about 250° d - 7 'to/nmc and, obtained by the 
oxidation of cithci /- oi fl'-ccgoninc, melts at 253°, [a]j,=> 14 8° in watei 


Cakhoxy],k Acids oi 2 -Kmoi'Vrrolidini (o-Pyrroiidoni-) 

The acids of chief intcicsL in this gioup aic pynohdone-S-caiboxylic 
acid, a hydiolysis pioduct of piolctns, and ecgonimc acid (i-methyl- 
pynolidone-S-aeLtic acid) which is an oxidation pioducL of liopine 
and eegonine 

1 II, I eutlia md liorimnii, Ih> , 1919, (52, 3086 8 0 Licbomnnn, Jin , 1890, 23, 2518 , 

i8<H,21, Gc6 I*oi the prepirniion of Iropmic ind from tropine md eigonuic, compare also 
WillBlllUer, Bit , 1895, 23, 3278 (footnoio) Bit , 1898, 81, 1547 * Ber , 1898, 81, 153 f 

2 0 2 
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ECGONINIC ACID 


P\n > ohdone - $~cai boxy he acid, 2 - Letopyi i ohdine - 5 - carl>oiyhc aetd, 
C 4 H b 0 (C 001 I)NI-I, was fiist obtained by heating optically active 
glutamic acicl (a-ammo-glutanc acid) at 180° to 190°, and was tlieie- 
fore described undei the name of pyioglutamic acid The same acid 
has also been obtained by heating piotein with baryta at 180° 
Subsequently it was piepaied fiom inactive glutamic acid, of which it 
is the lactam, and investigated in gt eater detail 1 


11 ,c . 

cn co 2 h 

fi 2 c 

CII COgll 


NnH 2 
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Eogoninto aoid, 1 -methyl-pyi rohdone- 5 -acetic acid 

N CII, 

iiooc cn, ch/Nco 


h,o—' cn. 

It has alteady been stated (p 581) that the oxidation of tiopine 
or ecgonine with chromic acid yields liopimc acid In addition, 
Liebeimann obseivcd that two modifications of ecgonmic acid weie 
ptoduced as by-pioducls in this teacLion l- and nf-eegomnes weie 
found to give a laevoiotatoiy acid, mp 117°, while ti opine gave an 
acid of doubtful puuty, melting about 90° Latei it was shown by 
Willstatter® that the ecgonmic acid fiom ti opine is the 1 aceimc foim, 
whereas that fiom ecgonine is the /-vanety 1 The acids aie alike in 
all impoitant pioperties, but diffei in melting-point (r-foim melts at 
93° to 94 0 ) and to some extent in solubility Ihc above constitution 
has been confitmed by Willstattei’s synthesis of the lacennc acid, which 
was effected in the following mannei — 

A ^-Dihydio-imi conic acid, which has been synthesised fiom glyoxal 
and malomc acid, combines with HBi to foim /3-biomo-adipic acid 
In methyl alcoholic or benzene solution this leadily reacts with 

I HOOC CH a CIIBr CH 2 CH 2 COOII I 2 N 1 I 8 CII 8 

Bromo adipic acid 

- IIOOC CII 2 CII CH 2 CIIj COOII + NII a CII 81 HBi 



NH CII 8 


HOOC ch 2 CH CFl a CII, COOII 
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1 L Wolff, Ann x 1890, 200, 124 a WiUstitter and Bode, Be> , X 9 oi j S l 9 3 I he 
degradation of iropine and ecgonine to eegomtne acid, 111 which tiopmic %cid is piobnbly an 
intermediate stage, is dealt within more detail m connection with the vegetable alknloide 
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mcthyUimme to give eegomme acid, probably through the intermediate 
fonn.itum of methylamino achpic acid 

1 lie synthetic pioduct is identical in all respects with that obtained 
by the oxidation of tiopine This synthesis piovided the fiist direct 
pioof of the existence of a pynolidme ling in ati opine and cocaine 

i /'< I'onntic acid crystallises in white needles, m p 93 0 to 9It is readily soluble 
in wntoi, alcohol md chloiofoim, dissolves veiy spanngly in boiling benzene sud 
is pirn tic illy insoluble 111 othei 01 ligiom It has no physiologicxl action The 
pvtiolulone t mg m this compound is so stable that it has not yet been found possible 
to (on veil the acid into the open chain p inctlijlamino adipic acid 

1 1 1 nonrntL add 1 can be obtained, is mentioned above, fiom l or > ecgonme 
It melts it 117 0 to 118“, md is less soluble than the ? acid 

Hit alkaloids of the pyrtohdim gioup aie treated in a later chapter 


II —FURFURANE GROUP 

h in fill tinc, as indicated on p 248, is closely lelated to pyirole, but 
is of much less impoitauce than the lattci It contains a ling 
c (imposed of foui caibon atoms and one oxygen atom (I), 

II O 

1IC AiCII («) 
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IIClkJcH(/J) 


which may be icgaidcd as a pynole ling in which the NH gioup is 

lipl.ntdbyO , . . , 

I In synthetic foimalion of ftufuianc dciivativcs by elimination o 

watu ft cun y-diUclo-compounds has alieady been described (see 

pp »(|8 and 251), and affoids a good illustration of the close lelation- 

hUiii (‘Mstiiig between iuifuiane and pynole 

Vuvauo 01 fuvfumue, CJIjO (io.mula II), can be obtained from 

mucic uc id (tf p 5G6) On dry distillation the lattei is converted 

into pyumuttu 01 fma/ie-ca/ bo ijdu acid , which on heating in a sealed 

tuI k* at jyo" yields fuiane 

< jr,(OJL£)i(CC)OIJ), 

M ti<Jc nutl 




CdluOfCOOII) 

Pyromucic acid 


> 0^1,0 +CO, 

1? \natto 


u is ,1 culouikHs liquid with a pccuhai smd resembling that of 

chlmuluiin Vuianc boils at 32" »"<1 18 ‘« s0,uble m water , Tb f 
vll'auu qivcs a g.cei, coin,at,on to a pine splmt moistened with 

"''l he'pos.tmn'of substituents in the fuiane nucleus is indicated, as 
■a the case of pynole, b,■lettc.s «^tde poitiou of 
lh e'"”r y "’ ~/rrrwb,cb d,me Uv .-fura„e and 

i WiUfttUttei mid c.o noikcisi Bit * I9 0f i > T 9°3> 9 
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higher methylated products aic also picsenl, it can be isolated 
fiom the fraction of bccch tai creosote 1 boiling between 60" and 70" 
It boils at 65° and is a colouiless mobile liquid of pleasant ethnical 
smell It gives an cmeiald gicen coloiation to a pine splint 
moistened with concentiated hydiochlone acid On liydiolysis with 
hydrochlonc acid 1 it yields laevulinic aldehyde 

O 


ch r c/\cu 111,0 = CII B CO CII, CII, Clio 

I aevnliiuc aldehyde 


HC 


CII 


CH=C—CIIO 


Fur aldehyde, fmfatal, fuifutole, 


O 

r*u_n-T 



> has been known 


for Ei long time It is foimed by the distillation of biaiij wood 
01 vanous caibohydiates with sulphuuc acid, but is best ptepaicd 
from arabinose 01 xylose—01 fiom coin-cob gum," which is lich in 
pentoses—by treatment with sulphuuc acid (sec p 295) 


CH(OII) CH(OII) CIIO 
CH(OH) CII 3 (OII) ' 


CII=C- CIIO 

\o 4 3IIP 
C FI—CII 


It boils at 162°, and is a colourless oil of pleasant smell 
In its chemical chaiacter fuifilial is aiomalic m type and a complete 
analogue of benzaldehyde Like all aldehydes it foims an oxime 
and a hydiazone, and in addition unclcigocs a senes of lcactions in 
which the lesemblance to benzaldehydc is clcaily visible 

In an attempt to discover some technical use fot the laigc 
quantities of furfural produced as a by-piocluct in industiy, its 
behaviour towards phenolic compounds has been examined 8 As in 
the case of fotmaldehyde, it is found that condensation takes place, 
particulaily m the picsencc of suitable catalysts, with the elimination of 
water and the production of biownish-black substances T.hese possess 
the propei ties of tesins, and in mosl icspects lescmble the “ Bakchtcs’* 
produced by condensing foimaldehyde with phenols (p 176) Fill final 
is used in the pieparation of artificial lesins, dyes and insecticides 

As already mentioned, the conveision of pentoses into fui final is 
employed in determining the piopoition of pentoses 01 pentosans 
present in various mixtuies In this connection a numbei of insoluble 
derivatives have been found by means of which fui final may be 
separated fiom solution, eg furfural phloroglucide, piobably foimed 
according to the equation 

C 0 II 0 O B + C S H j0 2 = C n H a O t + II a O 

1 C Harries, Bn , 1897, 80 , ajo ® K P Monroe, J Ind and En% C/i , 1921, 18 , 133 
* E Beckmann and Dehn, Cfi Zt\t, 1919, I, 440 
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and tho condensation pioduct of fill final and barbituric acid, which is 
a vt'iy insoluble powdci of the foimula 

,CO NIL 


C.TLO CII C< >CO 

^•CO Nil 7 


O 

Iic/\c COOH 


CII 


A (jualilalivc test foi fuifinal is the foimation of an intensely led 
dyc-slufl when it is healed with aniline and hydiochloric acid 

Pyronuioio acid, a-fui'ane-oaiboxyllc acid, is foimed, as described 
above, dining; the thy distillation of tmicic acid, and also by the oxidation 
of fui final It ciyslalhses in needles, rap 134°, which sublime at ioo° 
and dissolve icadily in hot walci 01 alcohol 1 

Fiom the piopcitics of fui final it would be 
e\.]:Hcbd that pyiomucic acid would behave as ail 
atonialu «iu<l and as the analogue of ben/oic acid N 
Huh, hmvcvui, is not the case The icactions of 
[lytoinmi< ticnl give no indication of aiomalic chaiactci, but rather 
pl.u 1 it with the unsatiuatcd aliphatic acids Thus it immediately 
(Uinlomcs an alUalinc solution of peimanganate of potash, and when 
esposut to btonune vapoui takes up foiu atoms of bromine On 
\vAiming with biotmue watet it is converted into fumaric acid, and on 
(.tUlylit hydiogcnation yields teitahydto-py>omucic acid (rap 21, 
bp 131714 mm) 

Aiiottx 1 <11 id of this sines is /wane 2 4 dicatboxyhc acid, m p 266 Ihe foinm 
lion of tins substance by beating biomacoumalimc ostei with potassium li>dioxide 
1 1 of intciOHt as icjiiesciutng the tinnsfoimslion of 1 six into a five numbered ring 



(juunmtuiio 


Ooumarone or Bonzofurane series 

Compounds of tins class contain a benzene and a fmane nucleus 
t omit used logethci \s tlh two caibon atoms in common The parent 
biilmtauci of the giotip, louimione, thus beats the same relation 
ship to naphthaline ns fuiano to benzene lo furane it is related 

ui the same way as indole (sec laici) to pynole 

t mini unne dcuvaUves take thou name from their foimation 
bv the at tion of alioholit potash on a halogen-substituted coumarins, 

^ . 1 ___ t ^ A iiua n a iTiAmliPi ftn 


. T |^y nyit tiuKHl ui itUiUiiunk ^ --o. 

ns a ii'sull of wHk h a six mcmbeied ling is convened into a five membeied ring 


/CU -Clir 
1 *^nO—-CO 

a Bromocounmrlii 


KOlt 


CflII * < \0 / 00011 
OoutttnrJUo floid 


mH 


c 6 h 4 



Ctourmu0110 <vin be piciiaietl byolbci mclbods 3 in addition to those described 

s",„i.K mm»i»l nulls I,line about .omilkonon and formation of a polymends 

U I ! 1 „, , mm R 4 IMS 3 Cf R Stoermer, Bn , 1897 , 

1 Urn, 201, 379 ' b ’ ^ ’ p’ Kanei and co workers, Httv Chvn Acta, 

60 , 1700,1711 An# 1 iQOOj OISj ^ 3/1 7 J 

lyao, a, sti, 1921, 4,718 



THIOPHENE GROUP 


B8C 


known as pataummatone On lidding- a mixtuie of coimnione and bcn/enc m 
n ijihOialcnc in the vaporous state thiough a heated tube, phenanthrcnc and chiysene 

(sec p 559) aic foimcd 

With chlonno and b>online coum none yietds dihdogen 
addition pioducts, which, on being ticatcd with alcoholic potash, 
give chloio and biomo comini ones NUio deuvatives me also 
known A luge numbci of denvatives containing alkyl gtoups 
in the bcn/enc ancl fun 11 c nuclei have been picpaied by synthesis 
Diphonylmne oxide may be lcgaided as dibon/o fuiane It 
foiin's white leaflets, m p 8i n , bp ^88°, and is found in coal tai Synthetically it 
m ly bo obt uned by vniious methods, c t? fiom phenol by distillation with lead 
oxide 


O 




v 




Dlplioiiylom) oxl<lc> 


III —THIOPHENE GROUP 


HC 



IIC 


CH 


CH 


Whcicas pyuolc, as aheady emphasised, shows a stiong 
icscmblancc to the phenols, thiophene possesses many points in 
umiinon with bcn/enc g 

I lus similauty extends also to denvatives of these 
compounds 

Ihtophcnc is piescnt to about 05 pci cent in the 
ben/ciu obtained fiom coal tai, in which it was discoveied 
in 1883 by Victoi Mcyci In addition it is found in the lowei boiling 
fiactions of the tai fiom biown coal Ilomologues of thiophene aie 
piescnt in the bcn/enc bomologues picpaicd fiom coal tai, thus the 
two possible (« and j 0 ) methyl-thiophenes 01 tliiotolenes, CjII B (CII B )S, 
aic contained in commcicial toluene, and the dimethyl-thiophenes 01 
tliioxonoB, CJIjCCII^S, in xylol llus is explained by the fact that 
con csponding homologucs of the benzene and thiophene senes possess 
appioxunately the same boiling-points Thiophene and its homologues 
may be isolated fiom the above atomaUc hydiocaibons by taking 
advantage of the fact that they aic moie icadily sulphonatcd than 

the latte 1 on Licatmcnt with concentiatcd sulphunc acid 

Many bituminous tais and oils, such as ciudc ichthyol oil> consist 
laigily of thiophene homologues Piopyl denvatives of thiophene have 
been isolated in compai ativcly laigc pi opoi Lion fi orn cei Lain shale tai oils 1 
Synthetically, thiophene derivatives aic foimcd in a similar way 
to those of pynolc and fuiane from y-diketo-compounds by tieatment 
with phosphoius pcntasulphide (sec pp 348 and 251), and also by 
distilling succinic acid and its homologues with phosphorus penta- 
sulphide 8 

Thiophene and its denvatives all give the mdophemne reaction, le, 
when ticatccl with concent!ated sulphunc acid and a little isatin, 
paiticulaily in the piesence of cettam oxidising agents such as feme 
chlonde 01 mtne acid, a charactenstic blue coloiation is pioduced 8 


1 II facheibler nnd M Schmidt, Ba , 1921, B4, 139 a For a synthesis of thiophene 
derivatives front ,S- v xmino crotomc ester, see Bn , 19191 1^05 a Foi the constitution of 

indophenln, see W Sclilonk md O Blum, Ann, 1923, 488, 95 



THIOPHENE 


087 


Thiophene can be exliaclcd fiom commeicial benzene by lepeatcd 
shaking with small quantities of concentrated sulphuuc acid, and 
decomposing the sulphonic acid so obtained by heating it stiongly with 
watei This method of scpai ation is by no means an ideal one, since 
eithei a ccitam piopoilion of ben/cne is simultaneously sulphonated, 
01, by using smallci amounts of sulphuuc acid, the thiophene is only 
incompletely lemoved ftom the ben/cne 

A bettci and quantitative method of isolating thiophene fiom 
commeicial ben/ene has been developed by O Dimioth 1 This 
consists in healing the mixtuie to the boiling-point with a solution of 
metcuuc acetate, when thiophene is attacked with the foimalion of 
thiophene dwicicut i - hydt o \yacetate^ CjII,S(Hg O CO CH 3 ) HgOH 
The lattei scpai ales out, wheieas the less leaolive ben/ene is not 
attacked at this tempciatuie On distilling the mcicuiy compound 
with model atcly concentialcd hydiochloiic acid, it leadily decomposes 
into met cut ic chloudc and thiophene This method enables thiophene 
to be isolated m the puie state without loss of cilhci thiophene 01 
ben/ene ihiophcnc may be synthesised by passing ethyl sulphide 
vapoui thiough a icd-hot tube, and by othei pyiogcmc leactions In 
larger quantities it is obtained by heating sodium succinate with 
phosphoius bisulphide 

CII=CII\ 

I > 

CII 2 —COONa CII=CH/ 

It possesses almost the same smell and boiling-point (84°) as 
ben/cne (804°), which it also closely lesemblcs in its behavioiti towaids 
vanous leagents Thus chloio- and bromo-substiUUion pioducts of 
thiophene may be piepaied by the dnect action of halogens, in the same 
way as the coitespondmg ben/cne dcuvativcs, although the icaction 
takes place moie icadily than with ben/ene Mono- and diniUo 
thiophenes aie foimed when an salinated with thiopcnc vapoui is led 
tin ough cooled fuming mine acid Monomlio-lhiophenc melts at 44°, 
boils at 224 0 , and has a smell icsembhng that of mtioben/cnc lhese 
mtio-compoimds, liowcvei, aie not 1 educed with the same ease as the 
mtioben/enes, since the majouty of lcducing agents lead to then 
complete decomposition The icadincss with which thiophene is 

sulphonated has been mentioned above 

Ilomologttcs of thtophuic aie piepaied fiom y-diketones 01 alkyl 
succinic acids Ihcy may also be obtained fiom Ihiophenc by 
reactions analogous to those used in the pi cpai ation of ben/ene 
homologues fiom bon/cnc, eg by Filtig’s synthesis from sodium and 
a mixLuie of lodolhiophcnc and an alkyl iodide, 01 fiom thiophene, 
alkyl biomide and aluminium chloride, and so on 

CiIJ 8 IS I CiI B I I aNa = CjlIaCCII,)? I-2N1I 


CIV -COONa p & 


1 Bet , 1899, 82 ) 759 , 1902, SB, 2035 
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'Ihtophenc aldehyde , C t II,(C UO)S, can be obtained by the action of 
hycltogen sulphide on chloi mated i 2-dikclo-pcntamcthylcnc In its 
piopcities it lesemblcs bcn/aldehyde lathci than fuifinal 

Thiophene caibovyhc acids .uc picpaiccl in a similat manna to 
those of the bcn/enc senes by oxidising alkyl deiivatives of thioplunc, 
when the side chain is convcited into a caiboxyl gioup lhc o-acid 
can also be piepatcd by the action of sodium on a mixtuic of todo- 
thiophcne and chloio cat home cslci It icscmblcs bcn/oic acid and 
ctystallises ftom hot walci in needles, mp 126 5" 

Condensed thiophenes and bourn thiophenes aie il&o known computable to the 
conc&potuhng bcn/enc compounds, 


b b & S 



Tliioiutphthono 1 melts at 31, find boils u 221’, >e, at almost the same 
tempuatuu is naphthalene (318’) It also lescmbhs the latter m smell the 
title analogue of naphthalene in this scncb is thiophthono, which is iotmed by 
heating citiic or tucatlnllyhc icul with phos|ihoins sulphide, uid is an oil of 
flint smell, bp 224” to 226 Dlphonylono nnlphUlo, a compound of nnlhriKnio 
t>po, is pioduced when diphenyl sulphide is led Uncnigh a glowing lube It melts 
it 9/ 0 and boils at 332' 


II 

Bcnzopynolc oi Indole Gioup 

The molecule of indolt tonlains a ben/i no niuUus condensed with 
a pynole nucleus, its in the annexed foimula As the patent substance 

of indigo it possesses an outstanding inU 11 st Indole 
k and its deiivatives aie also nnpoilant fiom the 

XII (a) L ht mini physiological point ol vuw, owing to then 

ouuneme as <hsi ujition jnodutls oT juotuns hour 
JlCII(P) compounds of this gtoup have long been known to 

be piesent among the putiefattion piodiu Is of 
piotems, namely, indole jtstlf, skatole, skaloli > 1 aibnxyhi acid and 
Uyptophane A valuable sems of invtsttgaiions 011 compounds of 
the indole gioup was ruined out by H.uyu in unmet turn with the 
constitution and synthesis of indigo Ih< losults obtained have 
conlnlmice! not only to 0111 knowledge of indole deiivatives, but also 
vuy laigcly to oui piogtcss 111 geneuil oiganu ihtnusliy lhus the 
theoiy of nng-foimation gamed constdeiably fioin the study of indole, 

1 l 01 1 bynLhcais fu,c G itterm um uul I ockb ut, J*rt , iSyj, SO, aBott 
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and the Ihcoty of dosmotiopy ftom that of isatin Furthei, the 

list niches on indigo led to the dtscovciy of a numbei of new methods 

whuh have sum been applied with success to othei branches D f 
mgniiK (humstiy 

Indolo, C H I t,N, is pioduccd in small amounts by the putiefaction 
of .illluminous nialcnal, and is piescnt in faeces, it is also formed by 
llu alkaline hydiolysis of piotcins 1 It occuis in coal tai, and has been 
isolalt d fioni a fi action of lai oil, 2 boiling between 240° and 260“ 
Indole is also piesent in jasmine flowei oil (pei cent), in oiange 
blossom and othei (lowcis I he stiuctmal foimula quoted above was 
advanud by Bacyci befoie the compound itself had been discovered 
Indole is obtained by the following icactions —• 

I loom its oxygenated duivativcs such as indigo, oxmdole or 
mdoxyl by k dui lion l*m example, by distilling oxmdole with zinc 
dust 


( 



Oxinriolc 


/NIK 

->■ ^o^i\ 'X- 11 

^CII^ 

I ndolc 


It was fust pic paicd by the teduction of indigo blue 

0 lly leading elhylanihne 01 othei alkyl dcttvalivcs of aniline- 

p.utK ulatly eumidinc—tlnough a led-hol tube 

I By the londensation of vanous 0 substitution pioducts of aniline 
(01 of mtiobm/onc, aftei piehminaiy leduetion), eg, from fl-ammo- 
thloio-slyioh on lieatmcnl with sodium cthoxide 

xNHj y NIL 

C (1 II/ \ NaO( ,II fl - Coll/ \CII 1 NaCl + CJLOI-I 

N'ii nici \ciw 


i\ 1'iom e-amino-ben/yl cyanide by mtiamolccular tearrangement 
m piesente of alkalis' 1 In this mannei fl-ammo-indoic is first produced, 
winch tlun pails with ammonia to give indole 

1 he best piepaiativc method consists in the 1 eduction of mdoxyhc 
iuid 01 of mdoxyl 111 alkaline solution 1 

Indoh uystalhses in plates, rap 52 0 and bp 245° (with partial 
decomposition) It is volatile in steam, and in the ordinary state 
possesses an unpkasanl fiueal odoui Aftei vciy caieful purification) 
liowevu, indok may be mixed in suitable dilution with other perfumes, 
with the smpiising insult that the odoui of fiesh floweis is imparted 
to the nnxtui e 1 he pi esenec of indole in jasmine-flower oil is therefore 
a veiy iinpmlnnl faeloi in pioducmg the specific peifume of jasmine 

Indole, like pynole, possesses weakly basic and at the same time 
somewhat phenolic piopulios Sumlaily it is easily resmified with 

1 1 llcr/fcld, Ihochm /tUufo , 1913, SO, 8a 1 Welsrgorbcr, Ber, 1910, 48 , 35 30 

J R I'mhoir imd lloppa, Bet , 1910, 48 , 2513 * Voilllmler nnd Apelt, Bet , 1904, 87 , 113+ 
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acids, and gives a cheuy-ied coloui to a pine splint moistened with 
hydi ochloi ic acid 

A latge numbet of substitution pioducts aic known, the position 
of substituents being indicated by the use of u~, J 3 -, N- 01 figuics, as in 
the foimula on p 588 


ALKYL AND ARYL SUBSTITUTION PRODUCTS OF INDOLE 

Homologues of indole occui in coal tar, and may be picpaicd fiom 
the highei fraction, b p 250° to 27 5 0 , of the technical crude indole 1 They 
are synthesised by the following methods — 

1 In an analogous mannei to the foimation of indole itself by the 
condensation of atomatic o-amino-compounds, eg 


/NIL 

^11,/ 

XBI, co ch 8 

0 Aminobenzyl methyl ketone 



a Moth}) hkLqIl 


2 By the action of substituted anilines on anilides of ketones ot 
aldehydes of the geneial foi mula, R' CO CH(NIIC 0 II fj ) 11" Anilides 
of this type may be prepaied fiom halogen denvativcs of ketones and 
aldehydes, in which halogen is attached to the caibon atom adjacent 
to the carbonyl gioup, ie, fiom compounds containing the gioup 

—CO CIIC1— ? 


C 0 H 6 CO CII 2 Br 

Bromo acetophenone, 
Phenacyl bromide 


11 ,N 


CJI CO Clin NIICJI 


H u N CflUfl 


Phcn icyl amhtle 




C 0 II 5 C{ N C 0 H a ) CIIj NIIC a II 6 



a Phenyl mtlote 

3 By heating the phenylhydrazones of ccilam aldehydes and 
ketones, or of pyroracemic acid, with zinc chlondc (Fischer) 


,NH N CH 
C 8 H 4 <( I 

X H CH a CH a 

Propaldehydc phenyl hydra zone 


c 0 ii 


Nil v 

>CII 1 Nil 

C(CIIg)^ 

Methyl mdole 


3 


Thetiue homologues of indole, with the substituent in the pyiiole 
ring, are prepaied chiefly by methods 1 and 3 But denvativcs with the 
substituent in the benzene nucleus can also be obtained by these pio- 
cesses if use is made of starting mateuals substituted in the phenyl 
gioup Thus 4 7-dimethyl-mdole has been piepaied fiom Lhe/-xylyl- 

1 0 ICruber, Ber, 1936, 60 , 275a 8 Hell -md Cohen, Bet , 190^ 87 , 866 



AUCYr, and Aim. substi-i ution pboducts of indole 501 

hychazone of pyioraccrmc acid A noth ^ , 

compound is ft cm acctonylTcctone "dp ynole^ ° f th,S 


CH 0 —CO—Cl I 


CHj—co—ci r 

Aretonyl icelone 


Nil 

IIc/N,CIE 


IIC 


CH 3 C r NH 

HC/^^N/Nch 


CH 


PyiroJe 


h<\ J!- Uch 

CII 3 c 

4 7 Dimethyl indole 


+ 2 FLO 


Alkyl-indoles resemble the patent compound in being of weakly 

msic ch.iiaclci The methyl denvattves have a lepulstve smell, and on 

usion with potash yield indole carboxylic acids Most of them give 
the pmc splint leaction ® 

Indole and its homologues (compate pyrrole, p 568 ) ieact with 

Uiloiofmm 01 biomofoun in such a way that the nng is extended and 

quinoline dcuv.Uives me pioduced Chloroform and a-methyl-mdoie 
loi example, give /3 chloio quinatdine 


/NIL 

c * n *\ ch^ L Cn& f CIICI 


a. Mcthjl indole 


> c 0 h 4 



c cn 
c ci 


3 


+ 2HC1 


CH 

Chlora-qumaldme 


I he distillation of secondaiy hydio-metliyl-indole derivatives over 
/me dust also leads to the fotmation of the corresponding quinoline 
compounds 



Hydro ethyl indole* 
a MethyLmdolme 



N 



I he bchaviout of twdolc aud otIkyl-uidolcs on iteatnicnt with cdkyI 
lodtdis is of mtciest s r</S-DialkyLindoles aie first founed, without 
any altciation of the linino gioup ag , a-methyLmdole yields aj8- 
d uncthyLindole This, howevei, is only an intei mediate phase On 
fuiLhci mtci action with methyl iodide a real rangement of the valency 
bonds takes place (tiansfoimation into the pseudo-form), the chief 
pioduct being the mcthiodide of tumethyl-mdolenine, together with 
d little hydi iodide On tieatmenl with alkalis the fiist of these under¬ 
goes a lemaikablc change and is converted into trimethyLmethylene- 
mdohne, which with methyl iodide takes up two more methyl groups 

1 Be* , 87> 4256 s Cmmicnn, B&r , 1904, 8*7, 4227 



592 


SIC A1 OLE 


to foim Inmethyl-isopiopyhdcnc-mdolme Even this, howcvci, does 
not repiesent the end of the reaction, since the last-named compound 
may on the one hand yield a methiodidc,«uid on the olhci its hych iodide 
undet the influence of heat may exchange the isoptopyl gioup foi one 
of the methyl gioups in the / 3 -posilion With the methylene gioup 
thus lcgeneiated the above pioccss may then lcpeat itself The couisc 
of these leactions is indicated m the following scheme 


Nil 

ch 8 

CH 

« Methyl uxlole 



Nil N(CII b I) 

> Coii^c cn a —>- c 0 n 4 <^>c cir„ 

c CII 8 C(CII B ), 

a ji Dimethyl-iudolc Mclhlodide of 

tmneUiyl-indoleniiK. 



CII B U I, 

N N 

-> C 0 PI 1 <^>C<gJJ -> C 0 Il/\c Gll a 

c(cn B ) 3 8 C(cii,), 

Tnmcthyl methylene tnclolinc 

N CH fi 

C,Il/Sc C(CII 0 ) O 
C(CH b ) 2 

Tnmcthyl isopropylidene IndoHnc 


Skatole, (i-methyl-indolc, C 8 H 6 (CH 3 )NH, is the best known homologue 
of mdole It is pioduced togclhet with a little indole fiom albuminous 
matter by putrefaction 01 fusion with potash, and is also piesent m 
human faeces As described on p 590, it can be prepared ftom 
propyhdene-.phenylhydra.ione It ciystalhses in plates, mp 95°, bp 
268°, and has a powei ful and 1 epugnanl smell 

ct-Methyl indole can be obtained fiom acelonc-phcnylhyditi/onc 
It melts at 6o°, boils at 268° and lcsembles indole in smell N-Mcthyl~ 
indole is an oil of boiling-point 240°, foimed by eliminating caibon 
dioxide from the acid obtained fiom methyl-phenylhydia/ine ancl 
pyioiacemic acid It has not the unpleasant smell of skatole 


indol: 



CARBOXYLIC AOIDS 


Most of the acids known in this senes have been picpatcd by 
Fischei’s method (picviously dcscubcd), which consists in healing the 
hydrazones of ketomc 01 aldehydic acids, such as pyioiacemic aeid ancl 
laevulimc acid, with zinc chloiidc 

They may also be pieparcd in the mannei alieady clesciibed liy 
fusing alkyl-mdoles with potassium hych oxide, or by the combined 
action of sodium and cat bon dioxide on mdoles 

The acids are solid, odourless compounds with distinctly acidic and 



TRYPI'OPHANE, TRYPTOPHOL 
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veiy little basic charactei They easily decompose into carbon 
dioxide and denvatives of indole 


/COOC 2 H s 
C 0 II fl Nil N C< 

X CII 6 

Phenylhydnzone of pyroiaccmic ester 

N a H 

c a ii/Vn 

CH a CH a COOCH a 

PhcnylhydrTzone of /3 '\ldehydo- 
propionic ester 


/NIK 

C fl II 4 < Nc COOC a H„ 4 NHj 

Indole a carboxylic ester 

NH 

C 0 H 4 <^GH + NH S 

c ch 3 coocii 8 

Ester of mdole 3 acetic icid 


Indole- 3 -aoetic aoid (foimula see above) is formed dining the 
decomposition of piotcins, and has been synthesised by Elhngei 
accordtng to the methods just quoted 1 It ciystallises in small plates 
of melting-point 164°, and on heating above its melting-point decom¬ 
poses into skatolc and carbon dioxide F01 a long time this acid was 
assumed by a numbet of chemists to be 3-mcthyl-indolc-2--caiboxylic 
acid, and it will theiefotc be found fiequently descnbcd as skatole 
cm boy lit, acid 

Tryptophane is the compound which gives use to all the detivalivcs 
of indole foimcd duiing the putiefaction of pi oleins It was fust 
discovcied by Ilopkins and Cole 2 among the pioducts of pancieatic 
digestion of casein In the oigamsm of the dog it is conveitcd into 
kynuienic acid Tiyptophane has the following stiuctuie 3 


HC q NH 
HCf* !# Y N hCH 


IIC 


F t ri w 


IIC C N 

IICf ; ^Sf / %CII 


> 


c 


IIC 


IIC w CII 2 CII(NII 2 ) cooii 

Tryptophane 


iic u c on 


c COOH 


Kynuicmt tad, 4 hydroxy qmnohne 

3 caiboxyhc add 


Tryptophol, 3 -mdolyl-ethyl alcohol , is foimed in a similai mannei to 
lytosol (see p 448) when yeast is allowed to giow in a solution of 
tiyptophane containing the usual addition of sugai and moiganic salts, 
01 when tiyptophane is fcimented dncclly with much sugai and 
compressed yeast 1 It ciystallises in needles 01 plates, and melts at 59° 


Nil 

c 0 n/\cn 

C CII 8 CH(NH a ) COOH 

Tiyptophane 



NH 



T ryptophol 


CII 2 OII 


1 A Ellmgci, Dei , 1901, 87 , 1801, X90S. 88, a88i, 190G, SO, 35x5 2 Hopkins .md 

Cole, Jaunt of Physiol , igor, 87 , 418 8 Pllmgci and M inland, Bet , 1907, 40 , 3039 

R Majinia, Dei , 192a, 56 , 3859 , 1921, 57 , r ^3 1 I* Ehrlich, Dei , 191a, 45 , 883 
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HYDROXY DERIVATIVES OP INDOLE 


NH 

Indoxyl, 3 -hydroxy-indole, C 0 H 4 <T^CH, is present m the foim 

C OH 


of the potassium salt of indoxyl-sulphuuc acid in the mine of mammals 
It can be ptepaied by decomposing mdoxylic acid with watm vmIci 1 
Synthetic methods of foimation will be dcscubcd in connection with 
indigo It foims bught yellow ciyslals, cap 85°, it cannot be 
satisfactonly distilled in vacuo, but may be paibally volatilised 
without decomposition by heating in an 01 with slightly supci heated 
steam The vapouts have a f.ecal odoiu When heated with 
potassium bisulphalc mdoxyl yields the salt of indoxyl-sulphuuc 
acid, C 8 II 0 N O SO^K, which on wanning with acids easily 1 everts 
to mdoxyl In acid solution mdoxyl has a stiong tendency to lestmfy, 
and in the piesence of alkalis is tcadily oxidised, even by atmosphenc 
an, to give indigo 

According to the above foimula, which is gencially assumed foi the 
solid compound, mdoxyl contains the giouping —C(OII) — CII— The 
piesence of the hydioxyl gioup can be continued expeumcntally, hut 
in many ways the compound leads as the keto-fonn with the gioup 
—CO—Cllg—, thus giving use to denvatives of the hypothetical 



/ NH v 

Indoxylio aold, C a H.< ^.C COOII, is of importance since it 

x C,OIl^ 


occuis as an intci mediate product in the technical synthesis of indigo 
from phcnylglycinc 0 caiboxyhc acid Its ethyl estci is obtained by 
leducing o-mtiophcnyl-piopiohe estci with ammonium sulphide 


/NOg y Nil v 

C a II 4 < + 4 II = CJl/ >C COOCJL, 1 11,0 

N CsC COOC 2 II 6 \c(onr 

0 Nitrophenyl propiolic ester Ester of mdoxylic acid 


mentioned above, it icadily bleaks up mio cat bon dioxide and 
mdoxyl, with oxidising agents it yields indigo blue, and on heating 
with sulphuric acid is convcited into the sulphonic acid of indigo blue 

Oxindolo is the Hctam oi innci anhydiicle of o ammo phonylacclic acid It 
is piotluced by leducmg a mtio phenylacottc acid 01 clioxmdole with tin and 
hycliochloiic acicl, 01 by 1 educing isattn with sodium amalgam 

COOII ^ C o lI i<CIIa COOH -^ 

0 Nitroplionylacetio o Amlnoplionylncotle acto Oxlmlole 

1 Vorllridci nad Dre cliei, Bst , 1902, SB, 1701 
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Oxmdole ciystaliises m coloinlcss needles, m p 1ao q , and possesses basic as well as 
acidic chaiactcr, being soluble m both acids and alkalis Uil action of alkalis at 
highci tunpeiatuics mptiues the indole nng to fonn salts ot 0-aimno phenyl acetic 
acid Oxidising agents conveit it first into diox indole 

Bioxindole is the lactam ofo ammo mandclic acid, and ib foimed in an analogous 
maimei to oxmdole by reduction of o mtronnndchc icid with /me dust and acetic 
acid, and also by 1 eduction of isatm 1 It ci>stall ises in co lout less pi isms, m p i8o a 
On oxidation it >ields isatm, and on reduction oxmdole 


i / ko * 

\CH(OH)COOH 

o NikomnndoUc acid 


/Nil, 

H < 

Xchcobocooii 

Q Aininomandohc add 



C fl II 


Nil 


CH(OII) 

Dio tndolo 




CO 



/NIK 

c ‘ n <co>° 

Xeati n 


Isatin may leact accoichng to eithei of the foimulae 1 01 II, and 
is thciefoie laulomeiic 



Stiuctuic [ is ascnbed to isatm m the solid state and in acid 
solution In salts 2 01 alkaline solution, on the othei hand, it possesses 
the sliucluie II Isatin is therefoie an innei anhydnde which may 
icact eithei as the lactam (I) or lactim (II) of o-amtno ben/oylformic 
acid, NII S C 0 II t CO COOII (isntic acid) 

It is foimed by oxidation of indigo blue with nitric 01 chromic 
acid, and also by oxidation ol oxmdole and dioxindole Among 
synthetic methods of piepaialion may be mentioned that involving 
the Ueatmenl of 0-mtio-phenyl-piopiolic acid with aqueous potassium 
hydi oxide 


/NO, 

C fl n/ 

X C==C COOII 

0 Nitiophenyl propiohc ar id 


/N 

Call/ 



O 


C COOII 

CO ' 

Isntogcnic icitl 


/NIL 

-> ^H< co >0 

Js'itm 


Isatm ciystalhses in orange-icd pusms, which melt at 200 0 , it 
dissolves spatmgly in watei, and leadily in alcohol and ethci When 
heated, it volatilises with partial decomposition It dissolves in alkalis, 
and if dilute solutions ate employed the change fiom lactam to lactim 
stiuctuic (I to II) can be followed, the puipic ted coloui of the 
N-sall passing at the oidmaiy lempciatuic into the blight yellow 
of the O-salt If the solution is warmed, the nng opens with the 
pioducUon of the alkali salt of <?~amino-ben7oyl-foimic acid ot isattc 

acid, NH 2 Cflllj CO COOII 

When fused with caustic alkali isatin yields aniline, and with 

1 Ilellei, Her , 190 j., 8% 939 , 1907, 40 , 1391 3 Hnnt/sch, Her, 1921, 04 ,1357 
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dilute nituc acid it is oxidised to nitio-salicyltc acid Kiom these 
leactions it was concluded that the compound contain s a mtiogcn 
and a carbon atom in dnect union with the benzene nucleus Bacyer’s 
investigation of the reduction products of isatin-—dioxindolc, oxindole 
and indole—finally led to the constitution of the compound being 
established, and therewith that of indigo The above foiinula foi 
isatin, which had been pioposed as eaily ns 1869 by ICekulc, was 
also supported by the woilc of Claiscn and Shadvvcll, who first showed 
that isatic acid was identical with o-amino-bcn/oyl-foimic acid, and 
that isatin was its inner anhydride 

The presence of a keto gioup in isatin is levcaled by the usual 
reactions The compound unites with sodium bisulphite and gives 
a hydrazone with phenyl-hydrazine With hydioxylaminc it yields 

N H—v 

tsatoume , C 0 Ha /CO, which is identical with the nitioso- 

x CfNOH) x 

oxindole obtained by the interaction of oxindole with nitious acid 

A numbei of isatin deuvalives conesponding to the lactun 
structure (II) aie also known Foi example, when the tcrl silvet 
salt of isatin is tieated with methyl iodide the methyl ethet of isatm y 


c 6 h 



N 
CO 


%C OCII a , is formed, which ciyslalhses from benzene in 


blood-ied prisms of melting-point ioi° to 102 0 , When watmed in 
benzene solution with phosphorus pentachloi ide, isatin yields isn/ui 

chloride , C a H/ yC Cl, a brown ciystallinc compound which revetts 

x CO x 


to isatin on tieatment with alkalis, and with ammonium sulphide gives 
indigo blue Halogens leact with isatin to fo»m substitution pioducls, 
and nitric acid converts it into nitio-isatin, C 0 H 8 (NO 2 ) C 2 OnNII 

Isatin gives a numbei of coloui reactions It condenses with 
thiophene to give the blue dye-stuff indophenute , C 12 II 7 NOS (see p 586), 
and with pyrrole to yield the blue pynok~mdophemne x C 21 H ia NjO B 


Indigo Blue, Indigotlu 
NH NH 


m 

c-c 



x) 1 

CO 0 c 




Indigo blue or mdigotin is the chief constituent of commei cial indigo, 
the earliest and one of the most impoitaiit of dye-stuffs It is mentionccl 
by Dioscoudes and Phmus, and in the thirteenth oentuiy Maico Polo 
described its preparation in India The dye was rapidly adopted in 
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Europe, and aftei the discovciy of the sea loute to India was tmpoited 
in huge quantities Even to day much of the natuial indigo is obtained 
fiom India, although this is being displaced to an cvci-incicasing 
extent by the synthetic pioducl Indigo is of special linpoitance for 
the dyeing of wool and is also used foi cotton 

Occuntnce and Ptodintton of IV aim at Indigo —Indigo is piepaied 
fiom a vancty of plants, inoie patltculaily fiom those of the genus 
indlgofoa (India, China, Ccnlial Arneuca) and fiom woad (Hungary, 
Fiance) In these souiccs it is not piesent as such, but in the foim of 
indioan, which is piobably the glueoside of mdoxyl, 1 C 8 ir o ON(C 0 II n O fl ) 
Indican has a bittei taste, is laevoiolatoiy and ciystallises fiom watci 
in pnsms containing 311 /) Undci the influence of cettain fetments, 
01 when tieated with dilute acids, it is hydtolysed into glucose and 
mdoxyl, and the lattci in contact with almosphcuc oxygen becomes 
oxidised to indigo 

C 1I H 1/ NO 0 4 II 2 0 - C fl II 12 O 0 l C 8 H,NO 

Iiulican Glucose Indoxyl 

.NIL /NIL 

2 C fl IL< >CH I Q, - OH/ >C C< >C 0 H, | 2 ILO 

\C(OII)^ \cck mxk 

Indoxyl Indigo 

lhe piepaiatton of indigo in this mnnnci is a compaialively simple 
piocess Shoitly bcfoie flowciing the plants aie cut down and biought 
into large stone cisterns 01 vats containing watci at 25 0 to 30° Iitl/yincs 
piesent m the plant soon bung abouL hydiolysis of the mdican, with 
the foi mation of glucose and mdoxyl, the decomposition being complete 
in about ten to twelve horns The liquid, which now contains ammonia 
in addition to mdoxyl, is 11111 off into vats at a lowci level Ileie it is 
" beaten,*’ 1 e , bi ought into intimate contact with air by vigoious stilling 
with a stinei 01 wheel I11 this way the indoxyl is oxidised to indigo, 
which sepal ales ouL in the foim of blue flakes I he indigo is 
allowed to settle, and washed sevcial times with watci It is finally 
boiled out with watci, filleted and diicd 

I he natuial indigo of commacc obtained in this way consists of 
blue lumps with a vanable conLcnl of indigolin Java indigo, foi 
example, contains Go to 80 pci cent of indigo bine, together with indigo 
led (mdnubin), indigo buwn, a glutinous substance known as indigo 
gelatin 01 indigo gluten, and ash Ilicso substances may be lemoved 
by tieating the indigo successively with watci, dilute acetic acid, 
alkalis and alcohol 

Synthesis of Indigo Blue 

Fiom the thcoiclical as well as the technical point of view the 
syntheses of indigo blue lank among the highest achievements of 
synthetic 01 game chemistiy One of these has aheady been mentioned 

1 faco Mucbcth -ukI Pj ydo, J C S, I(J22, 121 , lG6o 
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m connection with indoxylic acid and isalm In the succeeding pages 
a shoit descnption is given of thtce syntheses possessing a pmely 
scientific interest, followed in moie detail by an account of the methods 
actually employed on the piepaiative scale 

i The fiist and histone synthesis of indigo was earned out by 
Eaeyei in the following stages 1 0-Nitiophenyl-acetic acid was 1 educed 
to 0-aminophenyl-acetic acid, which was leadily conveiled into its lactam, 
oxindolc Ihe lattci, on tieatment with nitious acid, gave lsonitioso- 
oxindole, and the amino oxindole obtained fiom this by leduction was 
tiansfoimed into isatin by the use of a mild oxidising agent By 
Leatmcnt with phosphotus pentachlonde isalm gave isatin chlonde, 
which with zinc dust was 1 educed to indigo blue 


y N0 2 

c„ii/ 

n ch. cooii 

a N itrophenyl icctic aetd 


/NH a 

c 0 h/ 

X CII 2 COOH 

o-Aminophenyl-'icetic <icid 


,IiH\ 

>■ c 0 h 4 <; >co 

n gh/ 

Oxmdolc 



CoII^ 




Isattn 



Isatin chlonde 


Indigo 


2 Among olhei eailier syntheses of indigo, that ftom o-dimlto- 
diphenyl-diacetylene may be quoted, since it pioves that in indigo the 
two indole nuclei aie united to one anothei thiough a C-linkmg 
The stai ting-point in this case was 0-mtiophenyl-piopiolic acid, which 
on boiling with watci gave 0-niliophenyl-acetylcne, NO a C 0 II 4 C CII 
The coppei compound of the lattei, on oxidation with potassium 
fen icy amde, was conveited into o-dimtio-diphcnj-l-diacelylene, and 
from this, on licatment with sulphunc acid and subsequent leduction, 
mdigo was obtained 8 


y NO a 0 ? N V 

0 Dimtro-diphenyl dncctylenc 



yNEL /NIL 

Cflll/ >C=C< >C 0 II, 

x CO/ x cck 

Indigo 


3 A later synthesis of Salmony and Sunonis, 15 involving the 
elimination of watei fiom diamhdo-malcic acid, also shows the 
picsence of a link between the a-caibon atoms of indigo blue 


/NHx y NH\ 

C a H/ >C=C< X C 0 H 5 -> Indigo 

HOOCX X COOH 

Dlamhdo-mTleic acid 


4 The synthesis discoveied by Baeyei and Diewson 1 in 1882 is 
distinguished by its simplicity and ease of operation It consists in 

1 BTeyei* Bei , 1870, 8, $14, 1878* 11 * 1228, I2g6 , 1879^ 12j 456 3 I3^eye^^ Ba , 1882* 

16, 50 1 Bet , igo$, 88| 2580 4 Bet'j 1882, 16, 2856 , 1C, 2205 Anti , 1894, 284;, 154 
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wanning u-mtiobenraldchyde with acetone and aqueous alkali, when 
£>-mti opheny 1-lactyl methyl ketone is fiist pioduced as an intei mediate 
pioducl by a condensation of the aldol type 


(«) 


/N 0 2 

Cull/ + MCI In CO CII 
x CIIO 

/NO, 

aCJl/ “ /CII, CO CH, 

^choh/ 


/N0 2 

= c«n/ „ ^ 

^CHOH CHj, CO CIL, 

o N itropheny 1 lictyl inclhyl ketone 


/NIL /NIL 

- Coll/ >C C< >C fl H, + 3CH 3 COOH + alLO 

X C0/ \C0/ 

Indij o 


That pait of the piocess foimutated undei («) has been in use 
technically foi a considciable time, the bisulphite compound of the 
above ketone being employed undei the name of indigo salt foi the 
gcneiation oi indigo in punting fabucs Ncveitheless this method is 
not suitable fot the manufacLuie of indigo on a huge scale, owing to 
the difficulty of pioducing sufficient quantities of <?-nilrobcn 7 aldehyde 
By employing substituted o-nili oben/aldchydcs this synthesis may 
be used to picpaic substitution pioducts of indigo Thus 2 4-dinitio- 
bcn/aidchydc, 1 on condensation with acetone in the picsence of alkali, 
yields the concspondmg dinltro-indigo, a dye of giecnish-blue tint 
Indigo can also be obtained fiom othei compounds of sitmlai type, 
eg fiom the aldehyde of i)-nitiophenyl-/3-hydioxy-piopionic acid, 

.CHOII CII a CIIO 

CqII^ " , foi mod by condensing <?-mti obcnyaldcliyde 

with acetaldehyde 

grt In 1890 a synthesis was proposed by Ilcumann 2 which foi the 
fiist time gave piomisc of the successful manufactuic of indigo on the 
technical scale, in so fai as the tequisite law matciials could be teadily 
and cheaply obtained It consisted in allowing monocliloi acetic acid 
to intei act with aniline to foi in phcnylamino-acctic acid (phcnyl- 
glycine, phenyl-glycocoll), convcibng Lhis into indoxyl by fusion with 
potash, and oxidising the indoxyl to indigo with atmosphenc oxygen 


C„H 6 NH 

Aniline 


ci criiicoon 




CJT 




/N!L 
/ >CII 
IIO^C/ 


KOII 


3 


C„II 


0**4 


NIL 

>CII 
CO/ 

I mloxy 1 



Phenyl glycine 
O 


> Indigo 


1 foidiHj hempf iml hvcichng, Bd) , 1902,86, 122 u ^36, 1265, 2704 Priecll mder and 
Cohn, Afomis , 1902* S8, 543, 1003 a Be ; , 1890, 28 , 30|-3i 3|3i » i803j Jp* CA , 

1891, 43 , III , J898, 67 , 198 
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5 b As this process only gave a small yield of indigo, Ileum.mn 
modified it by using phenyl-glycmc-o-caiboxyhc acid (piepaitd by 
condensing chloiacetic acid with anthiamlic acid) m place of ph< nyl- 
glycine in the potash fusion lhc indoxylic acid so obtained was 
conveited into indigo by tieating its alkaline solution with an 


/NIL 

Coll/ 

XIOOII 

Anlhnmhc icid 


Cl CH COOII 




/NIL 

c„n/ x cir, coon 

\coon 

Phcnyl-glycinc o carboxylic acid 


Kon 




MI, 



Nil v 

J>C COOII 
C(OIl/ 

Indoxylic icid 


The discovety of a cheap method of piepanng anthiamlic acid fiom 
naphthalene, aheady dcscnbed on pp 438 and 443, enabled the above 
synthesis to be opeiated cotnmcicially As now earned out, the pioccss 
staits with the cheap law maternal naphthalene and passes Ihiough 
the following stages 

Naphthalene —>■ phthalu and —>■ anthiamlic and -> phniyl- 

glyane-o-caibo \yhc and —>- mdoxylic aad —-> mdoxyl —-v indigo 

As a lesult of this synthesis of indigo, phenyl-glyoine-0 oavboxylio 
aoid (nip 215° with decomp)and othci atyl glycines have atti acted 
a considerable amount of nitci cst, and othci methods have been 
developed foi then mdustiial ptepaiation 

Foi example, anthiamlic acid leacts with foimaldehyde and 
hydtogen cyanide to form the mtiile of phenyl-gIycinc-<?-caibo\.yltc 

X OO11 

acid, which on hydiolysis yields the fiec acid, ChlLc 

^NII GIL COOII 

The same icaction may be applied to aniline, which on tieatment 
with foimaldehyde and potassium cyanide gives the mtiile of phcnyl- 
glycine, and on furthei hydiolysis phenyl-glycine itself 

C 0 II 6 Nlljj + II CII O-i KCN l II 2 0 = C„n fi NII C1I 3 COOK hNir 8 

I' orrrmltSeliyilc Salt of phenyl glyuue 

Accoiding to Bucheici, the technical piepaiation of phenyl 
glycine is best effected by convoitmg aniline and foimaldehyde into 
anhydro-fortnaldchyde-amhne, C Q H 6 N CII 2l combining this with 
sodium bisulphite, and li eating the lesulting sulphonic dcuvativc, 
C 0 II 6 NH CH 2 S0 8 Na, with potassium cyanide 

In general, when sulphonates of the foimula R Nil CIIR' SO a Na 
are treated m aqueous solution with potassium cyanide they yield 
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nitules of aiyl-glycines, as shown m the following equation (R~atyl 
gioup) 1 

/SO a Na y R' 

R NH CII< I ICCN -^ R Nil CII< I NaKSO B 

\R' \cn 

The same compounds also lesult fiom the condensation of amine 
hydiochtoudes with aldehydes, ketones, and then deuvatives, in the 
presence of solid potassium cyanide suspended in ben/ene, ethei 
01 ligioin 

/Nil R' 

R CIIO + R' NPI 2 HC 1 t-ICCN = KC 1 + II, 0 h R CII< 

^CN 


Phenyl-glycme-<?-caiboxylic acid can also be obtained fiom o-chloio 
ben/oic acid and glycine 

/COOII /COOII 

C n IIj< H II„N CPI, COOII - C 0 II,< hUCI 

\ci “ Nnii cii, cooh 


This method is not expensive, as glycine can be piepaicd in good yield 
fiom chloiacetic acid and ammonia 

A detailed investigation of derivatives of phcnyl-glycinc-a caiboxylic 
acid has levealcd the fact that its e&lcts and N-acylalcd and N-alkylatcd 
deuvatives have a much gicatci tendency towaids the foimalion of the 
indole ling than the unsubstilutcd acid 2 Thus the compound I is 
tiansfoimcd into II meicly on shaking with dilute alkali 


I 


/ W< -CII, COOCPTj 

^COOCIIfl 


-> II 




CII, 

CII COOCH a 


5^ A diseoveiy of piactical impoitancc is that, in the case of 
phcnyl-glycinc deuvatives, ling foimalion can be effected with the aid 
of sodamidc'’ as condensing agent Hence phcnyl-glycinc as well as 
its o-caiboxyhe compound is now used in the prepaialion of indigo on 
an industiial scale Duitng the alkali fusion, as desetibed on p 599, 
phcnyl-glycinc undcigocs partial decomposition in consequence of the 
high tcmpeiatuic lequiicd (300° to 350°), and thciefoie gives a vciy low 
yield of indigo When sodamidc is used, howcvei, a much lowei 
tcmpeiatuic sulhccs (1S0 0 to 240°), lesulting m a gieatly incieased 
yield of the dye-stuff 

/CCk 

C 0 II 0 Nil CII„ COONa I NII a Na - C 0 Il/ yCII 2 I Na,0 I Nil, 

1 liudierer and Gioltk* Bet , 1906^ 80 , 986 Cf nUo Zelinsky and Slidnikolf, Bet t 1906, 
80 , 1722 A Voilllndu and co workeis^ Bet , 1900 33 , 553i 3*82 } 84 , i6}6, i 6 j 9 i 

86, 700 J bodnmido is prepucd by leading mnnoni i through liquid sodium 
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The sodamide piocess> which pci mils the use of phenyl glycine, 01 m 
the fiist instance of aniline, as the stalling matcual, is opciatcd on the 
laige scale in the following stages 

Benzene -y nitiobcnscne -y aniline -y pkcm'l-glynue -y 

indo ijd -y indigo 

In lccent yeais additional modifications, which cannot be clescubcd 
heie, have been mtioduced into the Ilcumann synthesis 

6 A method of synthesising indigo which has little in common with 
those descnbed above was devised by Sandmcyci 1 I hiocaibanihdc 
(diphcnyl-thiouiea, see p 384), obtained by the inteiaction of aniline 
and carbon bisulphide, is ticatcd with basic caibonale of lead to temove 
sulphui, and then convcitcd by means of potassium cyanide into 
hydiocyano caibodiphenyltmide The lattci with ammonium sulphide 
yields the conesponding thioamide, which on being wanned with 
concentiated sulphui ic acid is condensed to a-isatm-amlidc By heating 
this with ammonium sulphide it is icadily tiansfonned into indigo 


C fl II 6 NIIo l cs„ 


y CJ1^C—NIICJI 


0 1X 6 


PhCO, 

Ticcr^ 


*1 luoinrtnmlidi. 


NO 


\ (NIIO.S 

CrtHfi \NIl/ C ^ NCtt ° - 1 ‘ 

Ilytlioc^dno rTrbotliphcnylimulc 


h 2 n sc v 

C IT \c 

“ S \nh/ 


ll„SO, 

N CfllL,--> 


COv 


an/ X--N 


\nif 

a Ibtlin smlklt 


an / x 


COv /CO x 

y c C< >C 0 II, l 3C (1 II 0 NII 
^NII/ NNIF 

Indigo 


4TI 


F01 the synthesis of sulphui analogues of the tuihqo qioup, see 

P Fnedlandei, Bu , 1906, 89 , 1060 Ann, 1907, 861 , 390 
The following compound ptepaied by Fncdlanclci, 



may be regaided as indigo blue in which the NH gioups have been 
leplaced by S It is used as a led dye, unclci the name of ihio-tndigo 
led With alkaline reducing agents it yields a 1 eduction pioduct 

1 c , 1900, II, 927,929, 1141 
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soluble in alkali, the solution of which, on oxidation in an, precipitates 
the onginal dye-stuff In this mannci it is deposited on the fabric 
It gives a coloui suipassing that of indigo in fastness to light and 
lesistance towaids oxidising agents 

Propeities of Indigo Blue —Indigo blue foims a daik blue powdei 
possessing a teddish metallic lustie In the light of oui piesent 
knowledge of qmnones and unsatuiated diketones, it may be assumed 
that the coloui of indigo is connected with the piesence of the complex 

oc CO 

~ C<f in the molecule, in which the lmido-gioups play 


the pail of auxochiomes The dye is insoluble in watei, alcohol, 
cthci, alkalis and dilute acids It dissolves to a blue solution in hot 
aniline, and ciystallises out fiom hot tuipcntine in blue plates On 
sublimation it is obtained m coppciy iccl pnsms with a metallic 
glance Cold conccntialcd sulphunc acid dissolves indigo without 
alteiation, but on heating the giecn solution so obtained, the coloui 
changes to blue, owing to the foimation of sulphonic dcnvatives 
Chloiinc and biominc in the piesence of watei inleiact with indigo 
mainly to yield substituted oxidation pioducts such as chloio isatin 
In the absence of w.itei, on the othci hand, substitution pioducts of 
indigo aie obtained which have atti acted a good deal of attention of 
late With biominc, foi example, accoiding to the piopoition used, 
theic is obtained mono- 01 dibromo-indigo The biommated dyes aie 
inaikcd by then intensity of coloui and beauty of tint, and m many 
cases may be used in place of indigo These and othet substitution 
pioducts can also be piepaud fiom conesponding substituted law 
malenals, by the methods alicady descnbcd foi the synthesis of 
indigo 

With leducmg agents indigo blue takes up two atoms of hydiogen 
and is convcited into indigo white, which is fotmulated as a di-wdo\yl 



Nil v . Nil 

SC_ QS 

c (oil)/ V: (on) 



CflHj 


It possesses a phenolic chaiactci and dissolves leadily in alkalis, to 
give a solution which in the piesence of air undcigocs lapid oxidation 
with piccipitation of insoluble indigo blue This pioperty is of gieat 
lmpoitance and is utilised in the picpaiation of naluial indigo fiom the 
plant (see p 597), as well as m the pioccss of vat dyeing 

Indigo is employed as a vat dyo 1 in the following manner Finely- 
divided indigo suspended in watei is fust 1 educed Accoiding to the 
matcnal to be dyed, this may be effected by use of feimentation 

1 Foi t description of the piepTration and use of vit dyes, sec Thoipe and Ingold, tynthtltc 
Colouring Vat Colouis (J ongmans, Gieen, 1923) 
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methods 01 of vanous chemical i educing- «tg< ills, such .is foi ions 
sulphate, stannous chlondc, giapc sugai, /me dust in hydiosulphilc 1 
The indigo white thus fanned lematns dissolved m the alkaline fluid 

The matenal to be dyed is then steeped m the solution and exposed 
to an, when oxidation takes place and the indigo white is conveitid 
into indigo blue, which is deposited on the tin i ads 

In cotton piloting with indigo, the dye suspended in com on tinted 
caustic soda is picsscd into contact with the fabne, which has pitviously 
been tieated with a solution of glutosc lhc matoiial is thin exposed 
to the action of steam, when indigo white is loimcil Ibis pencil ales 
into the thicads, and on subsequent exposuie to an is tiansfoinud into 
the blue dye I he use of “indigo salt” has ahc.uly been mentioned 

on P 599 

In wool dyeing use is also made of the loadily soluble sodium salt 
of mdigo-disulphomc acid (see below), which is sent on to the inatkcL 
m lhc foim of a paste undci the name of indigo caumino I his 
substance contains one sulphtmic gioup in iaih ben/me mu lens, in 
the paia-position to the Nil gioup, as has been shown by its synthesis 
by Ileumann’s method fiom anlhianihdO“acelic-/-sulphcmic and 


[i] IIO B S 


C 0 II 


,NII CII 2 GOOII[4] 

9N >cooh 



/NIK /Nils. 

H0 8 S C 0 H b < >C C< >C 0 II 0 SO.II 

^CXK ncq/ 


Indiiublu, indigo iod, ocatia togcllici with its slnictnial lsomeiule indigo hliu 
in nitur.il indigo It was synthesised by Jtaeyci by mixing weakly alkaline ,uUnions 
of isatin md nuloxyl, and m ly Iheicfoic bo icgaidccl as the mdogcnide of isalm 


/NHx /C 0 H 4 \ 

c - H <co>* ,00 <co> H 

Indoxyl Ioaltn 


/NIK /cyi 4 \ 

c a n 4 < >c c/ *>Nina a G 
\co / \ co / 

tmUrubln 


1 lhc c'uhc'it VTts employed weie fcimcniution vats, still in common iiho In d foi woollen 
goods, in which the dye stuff lb icduccd by the mlion of nucio oignnmuh In the paioiUL ot lime 
oi Tlkah« In lhc woact vat, foi example, indigo suspended in wntu 1 b Ir ite<l with woul 
together with hi in, imddei, soda, md lime, and the mixture is Btmul und licuted In 50 
I ermcntalion soon sets in and a yellowish solution of the cult nun salt of mdigo white w cvtiitii illy 
formed It is nccessaiy to exclude air, as the mlcio oigmlBms no then fenced to s itnfy their need 
for oxygen by reducing the indigo blue Compile Wendcltt ult mil Bin/, /iet , 1906, SO, 1637 
I he best vat for cotton is the hycti ooulphito vat, in width the redwing ugcnl m the 
soluble sodium salt of hydrosulphuiotiB acid, II a S M 0 , It is prop lied by mixing Am dual with 
a solution of sodium bisulphite and, when reduction is complete, adding mdk of lime, the 
liquid js then drawn off fiom the icsultmg picupilule (CnSO, and /me salts) A solution of 
sodium hydiate is added, togolhei with a paste of indigo and w itei, ami the mixture warmed 
with stirring to 6 o°, when a concontrited alkaline solution of indigo white is foimul brain 
this 11 slack vat n the dyeing vats arc obtained by dilution with water 
B Vorbtnder and Schxibart, Bet , 1901, 34 , i860 
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Baeyer describes as indogonides those compounds in which an oxygen atom 

/NIK 

is replaced by the indogen group, C 0 H 4 <^ ^>C= 

6 Q'-Dibromo-indigo, of the formula 



NH 

AA 




c 


CO oc 



is a substance of particulai intei est, being identical with the put pie of 
the ancients (Tynan pui pic) This has been proved by a dnect 
compatison of the synthetic pioduct with that picpaied fiom the 
seciclion of the Puiple Snail, Mutex, btandans x The same dye can 
also be obtained fioin othei molluscs, 2 such as Mutex, tmnculus, 
Purputa lapillu v, and Pm put a apetta It foims ctystals of a coppeiy 
glance, and by mteiaction with caustic soda and sodium hydiosulphite 
yields a vat of weak yellow tint fiom which cotton is dyed a leddish- 
violet shade This sinking displacement of the colour of indigo 
icsulls not only fiom the inlioduction of bionline, but also of chloime 
and methoxyl gtoups m the 6 6'-posiLons Hence substitution in 
the /-position to the CO-gioup cxcits a quite specific influence In 
the same way the effect of /-substitution may be tiaccd in the 
denvatives of thio-indtgo Tetrabromo-indigo, which in colour and 
fastness possesses advantages ovci the patent dye, can be piepaied 
by dncct biomination of indigo, oi by synthesis fiom 3 5-dibtomo- 
anthranilic acid 3 


Oarbazolo, Dibenzo pyrrole or Diphenylene Imine 4 

IIC CII 

iic/N^/Vii 


IIC 


IIC c N Jj CII 


CH 


As has been mentioned on p 534, caiba/ole is found in ciude 
anthiaccnc Ihc hydiogen atom of the lmino-gioup lescmblcs that 
of pyirolc in being icplaccablc by metals, and hence carba/ole may 
be isolated fiom the above source in the foim of potassium caibazole, 
CjjjIIgNK, by distilling ciude anthiacene ovci potassium hydroxide 
Anolhci method involves licatmcnt with suitable solvents It is 

1 P I 4 1 icdljindci 1 Bei , igotj, 42 ^65 Ann ^ t 888 , 23 I net! ] tinder, Bet , 1922, 

65 , 1655 1 Ullnnmi "tml KopetBchm, Bet , 1911, 44 , 425 4 See monograph by G Cohn, 

Du Cat bazolg} uppt (Leipzig, 19x9) 
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pioduced synthetically by vauous inactions, 
amine thiough tubes heated to lcdncss, 


C fl H 


’\nii 


c 11 / 

~{JV L b , 
Diphenyl 'inline 



C«H 


fl li 1 


in >nh 

CoH / 

Cirlnzole 



eg by leading diphenyl- 



Fliuiyl i/imulo benmie 


and fiom thio-diphenylammc by the lemoval of sulphui with coppei 
powdci It can also be obtained fiom o amino-diphenylamine 
With mtious acid the lattu yields phcnyl-a/unido-bcn/cnc, which 
on distillation paits with nitiogcn to fonn caiba/ole I he last 
method is capable of genet al application, and by its means substitution 
ptoducts of caiba/ole may be picpaicd Catba/ole is also obtained by 
heating <?-diamino-cliphcnyl to 200° with 25 pei cent sulphui ic acid, 
when ammonia is eliminated between the two amino-gioups 

At the oidinaty tempcialuic caiba/ole is only spaimgly soluble in 
the majoiity of solvents, it ciystalliscs in leaflets 01 plates which melt 
at 238° and boil at 354° to 355° Like pynolc it is a vety weak base 
and only foims a stable salt with picnc acid It also lesembles pynolc 
in giving a deep led colour with a pine splint With isalm and 
sulphuric acid, a blue colotation is pioduced 

Caibarolc is an cxticmcly stable compound It may be distilled 
unchanged over zinc dust at a ted heat, and is not attacked by eoneen- 
tiatcd hydrochloue acid 01 alcoholic potash, even at 300" 1 lowaids 
potassium peimanganatc it behaves as a fully salinated substance 

Ihe denvatives of caiba/ole, which cannot he discussed hcic, aie 
as yet compaiatively incompletely investigated, piobably owing to the 
difficulties encountcicd m woikmg with this substance 


III 

Azoles 

Under the name of “ a/oles’’ are included vanous five-mcmbcied 
cyclic systems containing nitrogen In addition to caibon and 
nitrogen these ungs may also contain oxygen 01 sulphui I fence 
they may be denvtd from the compounds pyuole, fuifuranc and 
thiophene, descubed m the pievious chaplei, by leplacing mclhine 
groups with nitrogen atoms Only the most impoilant of these will 
be described in detail 

1 For hydro derivatives of cirlnzole, see J Schmidt *md co workers, Bet , 1907, 40 , 323 $ , 
1912, 46, 1779 Borsche, Am , 1908, 869, 49 W II Perkm, jun , 'ind P PImt,y* C 
1924, 186 , 1503 
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I—PYRAZOLE GROUP 


This group compnses all those compounds, the molecules of which 

contain a ling composed of thiee caibon and two nitrogen atoms 
arianged as follows 1 

N 



N 

C 


The patent substance of these compounds, pyiazole, is a pyirole 
in which a methinc gioup has been replaced by mtiogen 

Foi this leason the nomcHclatut e of the pyia^ole gioup is based on 
that suggested by Knoir foi pyrtole derivatives Just as dihydio- 
pyirole is known as pynohne and tetiahydio-pyrrole as pyiiohdme, 
so the dihydio-pyi azoles aie teimcd pyiawlmcs and the completely 
reduced teti ahydi o-dei 1 vatives, pyi azohdmes 


Nil 


Nil 



IlCf i ?iN 
6 . 


iicJ 


i n 


II ,C 



CII 


N 


Nil 

ilc/Nnii 


Pyjn/ok 


n 2 cl—lien 

Pyrrol me 


n 2 c 

Pyrizoliduu. 


Jen 


I he position of a substituent gioup in the pyra/ole nucleus is 
indicated by the numbcis i to 5 Numbenng commences with the 
mtiogen atom of the imino-gioup and pioceeds in a clockwise duection 
to the second mtiogen atom, as in the above foimula Kelomc 
denvatives of pyta/oline and pyiazolidme aie usually divided into 
two classes, vi/, ^-denvatives or tun ketones, such as keto-pyiazoline 
and keto-pyta/olidinc, 


Nil 

IIsjCAn 


oc 


Si 


i 


CH 


Keto-pynzoJmc 


II 8 C 


OC 


Nil 

/\ 


Nil 


CII 


ICeto pyrazohdmo 


and the 3- and 5-derivatives, which are cyclic acid amides For the 
lattei, Knorr pioposcd the names pyiazolone and pyiazohdone 


Nil 

oc/\n 


IIX 


CH 


Pyrazolone 


OC 


II 2 C 


NH 



Nil 


CII 


Py»azohdone 


1 I iteniurc I Knoir, Atm , 1894, 2 * 70 , 188 , 1896, 298 , I , IQD3, 828 , 62 
f< Ucber die Pyruolgiuppe M {Ahem Votiuige } vol iv, StuUgirt, 1899) 


J Schmidt, 
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Oui knowledge of the pyia/olc senes is laigcly due to the woik 
of Knon, who desenbed the first lepiesentatives of this gioup m 1883 1 
I he physical piopeities of these compounds and the applications which 
many of them, such as antipynn, find in medicine, lend a special 
mteiest to this chaptei of organic chermstiy F01 this teason the 
pylazolc gioup, aftei its discovery by ICnon, was investigated in a 
numbei ofdncclions and—thanks to the ease with which the pyia/olc 
img can be foimed—these effoits met with considetable success 
Among othei lesults, it maybe mentioned that K.11011 has established 
the existence of a pcculiai type of lsomeiism m this senes, which 
appeals to thiow some light on the stiuctuie of benzene 


Genetal Methods of P> epnntig Pyratole Denvatives 

Vauous means of synthesising pyi azole denvatives have been 
developed by ICnon 

Esteis of / 3 -k clonic acids condense with hydiazmes to foim 
denvatives of pyia/olone The leacLion pioceeds in two phases A 
hydra/one of the estu is fiist pioduced, fioni which alcohol is then 
eliminated (See p 261 ) 

A method similai to the above consists in the interaction of 
hydia/ines with /3-dilccto-compounds of the geneial foimula 
R' CO CIIR" COR"' (see p 251) This has piovcd the most ftuitful 
of all lcactions devised foi the picpaiation of pyi azole denvatives 
On the one hand, as basic component, we may employ hydiazine 
hydiatc itself 01 any primaiy hydrazine, and on the othei, the above 
geneial formula includes all the numerous /3-dikelones and /3-keto- 
aldehydcs which can be prepaied by the synthetic methods of Claiscn 
and Wislicenus 

Hydiazines condense with unsatuiated ketones or aldehydes of the 
types 

IV—CO—CR'—CIIR'' and II—CO—CR'=CIIR" 

to give denvatives of pyia/ole or pyrazoline Thus the patent 
compound of the lattci class, pyrazoline, is foimed from acrolefn and 
hydiazine hydiale lhe aciyl-hydrazine first obtained isomeuses 
spontaneously into the cyclic base 


CH a CII CIIO + Nallj —> CHj CH CH N Nil 


3 


irg/'Vt 


Il 3 c 


CII 


Phenyl-hydrazones of unsaturated aldehydes and ketones, containing 
a double bond in the a position, may be transformed with gi eat ease into 
the isomeiic pyrazoline derivatives by boiling with glacial acetic acid® 

1 L Knorr, Ber, 1884, 17 , Ref 149 a K Auwers and co woikers, Btr , 1908, 41 , (.230 , 
1909, 42,4411 
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In a similai manner unsaturated acids of the acrylic acid set its, 

R> CH CII COOII, react with hydrazines to give derivatives of 
pyrazolone or pyra/olidonc 1 

The pnnciple of the above syntheses may be summarised in the 
following statement 

Compounds containing two CO-groups , or a CO- and a COOII-group t 
in the fi-position to one anothei , or ttvo doubly linked cat bon atoms adjacent 
to a COOII- or CO-group, react with hydrazines to give pyrazole 
derivatives 

Further syntheses in this gioup have been effected by E Buchnei 
in the course of an investigation into the action of diazo-acetic cstei on 
unsaturated compounds 2 Pyrazole deiivatives weiL obtained 

(a) By the inteiaction of cUazo-acelic ester with esteis of mono oi 
dibasic acids of the acetylene series 

CII 3 0 2 C C N=N 

I -I 

CII 8 0 3 C C lie COgCIIp 

Acetylene Dinzo acetic ester 

dicirbexylic ester 


cn 3 o 2 c c 


cii b o 2 c c 


Nil 



N 


C COXH 


I’yiarole tiicuboxyln. ester 


s 


(Jr) By combination of diazo-acetic eslei with ethylene derivatives 
such as esteis of fumanc acid, in this case pyia/oline deiivatives aie 
foi med, 


Nil 


CII n C 0 2 CII N—N 

Jl 1 

CII 8 CO a CII IIC C 0 2 CII B 


iMimanc osier Dn^oncclic estei 



cn a o 2 c lie 


C C 0 2 CII a 


Pyraijohne-tiicfttboxyltc cstei 


(i c ) By the action of dmo acetic ester on esters of certain saturated or unsatiuated 
halogen substituted acids btomo maleic acul, a biomo cinnamic acid, 

a/3 dibromo piopiomc acid), 

C a II a 13r fl CCO fl CIX s )H sCnNcCCOcCII,,) ^ C 0 II fl N a CCO a Cn„) fl I aCn B Br(CO a CIIp) 

DUiromo praplonlo Dia/o Acotlo Pyrazok llromo acotlo 

aator oetor tllcarboxyllQ oator oator 


The preparation of pyraasole itself was fiist accomplished by the 
above methods E Buchnei obtained it in 1889 by the prolonged 
action of heat on 3 4 5-pyra/ole lucarboxylic acid, the estci of which 
is foimed, as just described, by the addition of diazo-acetic estei to 
acetylcne-dicai boxy lie estei 

Soon afterwards it was piepated by Balbiano by heating hydiazme 
hydrate with eptchloihydun and chlonde of zinc 

Subsequently von Pechmann discovered that acetylene and diazo- 

1 ICnorr ind Duden, Bet , 1892 , StS, 761 a Ann , 1893 , 278, 214 

2 Q 
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methane leact in a similar manna 
synthesis of pyrazole 


CH N—N 



This constitutes the 


NH 

iic/\n 


lie 


CII 


simplest 


Pyrazole is also obtained by treating the acetal of propaigyl-alclehyde 1 
with hydrazine 

, ( v l IIJN NII„ 

CII C CH(OC 2 II 6 ) 3 ---CII C CII N Nri a ->- 

Prop'llgyl 'icet'il hypothetical mtcimcdi itc 

product 

CII CII CII N Nil 

Pyrazole 

These simple syntheses prove that the atoms in the pyrazole ting ate 
arranged in agt cement with the foimula assumed above 

Piobably the best means of preparing pyiazole is fiom pyia/olc- 
3 S-dicaiboxylic acid This is leadily prepated synthetically, and on 
being heated decomposes smoothly into carbon dioxide and pyia/olc 
(Knot r) 

In connection with this survey of the synthetic methods available 
for pieparmg pyrazole dcuvatives, some icactions of the lattci may 
be quoted which are of value in the piepatalion of simplei mcmbcis of 
the series 

A leaclion of special importance foi the pieparation of pyia/ole 
itself consists m the elimination of carboxyl gioups from pyi azole- 
carboxylic acids, by healing the lattei above their melting-points 

The conversion of the oxygen derivatives, pyrazolones ancl pyrazo- 
lidones, into pyrazoles may be effected by distillation with sdne dust, 
or moie conveniently by the action of phosphorus penlasulphide or 
tubiomide 2 

The oxygen of pyrazolones may also be removed by heating these 
substances with phosphorus oxychloride, when chloro-denvatives aic 
formed (Michaelis) 


Properties of Pyi azole and its Derivatives 

The similarity in the formulas of pyrazole and pyriole docs not 
extend to their properties Pyrazole differs strongly from pyriole m 
its remarkable stability and more definitely basic chaiacter 

Pyrrole turns brown in air, lesimfies with extraordinary ease, and 
on reduction is converted into di- and tetiahydro-derivatives JPyrazole, 
which crystallises in long colourless needles, mp yo 6 and bp 185 0 , is 
much more resistant to change 

1 L Chisen, Bo , 1903, S8, 3664 a R StUrmcr and Martinsen, Ann , 1907, 8B2, 332 



PROPERTIES OF PYRAZOLE 


611 


In pyrrole the basic character is barely evident On the othei 
hand pyrazole, although it gives no reaction with litmus and can be 
1 emoved from weakly acid solutions by a cm rent of steam, nevei thcless 
yields well-defined salts with acids 

All the chemical piopeities of pyiazole show it to be more neaily 
allied to pyndme and ben/enc than to pyriole It exhibits, to an 
even greatei degiee than thiophene, those peculiarities which were first 
obseived in the aromatic series and aie therefoie associated with the 
term u aromatic chaiacter ’’ 

A numbei of facts established by Knorr cleaily illustrate the 
aiomattc character ofpyiassole 

x Fuming sulphuric acid conveits pyiazole into a sulphonic acid, 
which in its leactions shows certain resemblances to the aromatic 
sulphonic acids 

2 In halogen derivatives of pyiazole, a halogen atom attached to 
the nucleus is even more fiimly held than in benzene denvatives 

3 When pyiazole is tieated with concentrated mtnc acid, hydiogen 
is icaddy exchanged foi a mtio-gioup Like the aiomattc nitio- 
compounds, 4-mtro-pyi a/ole and its derivatives can be 1 educed to 
amino-compounds 1 

4 Amtno-pyta/ole lcsembles the aromatic bases in its behavioui 
It gives a coloui inaction with a solution of bleaching powdci, and is 
readily diazottsed 

5 Dici/o-pyia/oles can be coupled with phenols to form n/o-dyes, 
in exactly the same mannei as the atomalic dia/o compounds They 
differ from most of the lattei 111 the stability of then salts in aqueous 
solution On boiling these solutions thcie is no visible evolution 
of nitrogen, this only occuis on prolonged heating at a hjghei 
temperature Diazo pyia/oles, howevci, do not undeigo the usual 
“ diazo-icactions ” 

6 Pyrazolone, 01 5-hydroxy-pyiazole, has a pronounced phenolic 
charactci 

7 Towaids oxidising and leducing agents,pyra/ole shows the same 
remaikablo stability as benzene 

8 Homologues of pyiazole lesemble those of benzene in being 
readily oxidised to the concspondtng catboxylic acids 

Hence it will be seen that the analogy between pyiazole and 
benzene is a fai-teaching one 

Ihe nm/at tty between pytasole and pyndme may also be illustinted by seveial 
examples It is cleaily shown in the behavioui of the double silts foimcd by 
pyia/oic with plalimc chlondc, and m similar double salts given by pyridine and 
pyia/olc with olhci metallic compounds, such as meicunc chlondc, potassium 
plalmous chlondc and the sulphates of copper, zinc and cadmium 

In smell and othei pioperties the alkyl derivatives of pyiazole so 

1 Knorr, Bt> , 1895, 28 , 715 Knorr and blob, Ann , 1896, 208 , 58 
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closely resemble pyridine bases that on casual examination they may 
easily be mistaken for them The caiboxylic acids of pyiazole also 
possess many points in common with those of pyridine Fot example, 
when polycai boxyhc acids of pyridine are heated, they part with caibon 
dioxide to give the mono-acid, and it is found that the carboxyl 
gioup in the <i~position to nitrogen is the first to be lemoved By 
a lepctition of this process the monocaiboxyhc acid is convcited into 
pyridine The properties of 3- (or 5-) pyiazole-caiboxyhc acid aie veiy 
closely allied to those of pyadine ci-carboxylic acid (see Picohntc Acid) 

Owing to the basic character of pyia/ole, its icscmblance to 
pyridine is inoie evident than its resemblance to benzene Pyrazolc 
is a weak secondary base, as such it may be acetylatcd, ben/oylaled, 
and converted into denvatives of urea and urethane 1 

It unites with alkyl iodides to form ciystalline ammonium com¬ 
pounds These ate of importance in the prepaiation of homologues 
of pyi azole, as under the influence of heat the alkyl lachcal ts 
transfeircd fiom nitrogen to a caibon atom of the nucleus The 
Hofmann synthesis of aniline homologues (p 380) can thetefoie be 
applied to the pyrazole senes As will be seen lalei, this reaction is 
also of value in the pyudine gioup 

A separation of the secondary and tertiary pyiazole-bases insulting 
from the above process may be effected by taking advantage of the 
fact that secondary pytazoles can be quantitatively thrown out of an 
aqueous solution in the fonn of their silver salts, teitiaiy pyi azoles 
lemaimng unchanged 

The silvei compounds are readily foimed by all pyrazoles con¬ 
taining a free limno-hydiogen atom, and are useful for the prcpaialion 
of N-aikyl substituted derivatives by double decomposition with alkyl 
iodides Thus silver pyrazole and methyl iodide yield i-methyl- 
pyrazole 

N Ag N CII 8 

hc/Nn iic/^n 

+ CII 3 I ™ H Agl 

Hci -CH HC-CIT 

AccoLthng to Knon, these N-alLyl-pyragohs aie bettci piepaicd 
by distilling the coiresponding pyiazole alkiodides 

An interesting regularity has been obseived m connection with the physical 
constants of pyiazole homologues 2 Symmetrically constituted compounds possess 
liighei melting pomts than the isomeric imsymmetrical compounds* and of the 
lattci the teitiaiy derivatives melt much lowei than the isomeiic sccondaiy bases 

For example Malting point? Bolling point 

3 g-Dimethyl-pyrarole (symm) ioy° 220° 

3 4-Dimethyl-pyrazoie (unsymm, second ) 57° to 59 0 222" 

1 3-Dimethyl-pynzoIe (unsymm , tert) liquid 140* to 141 0 

1 Kuorr, Bei , i$ 95 i 28 , 716 3 For further details, see Knorr, Bet , 1895, 28 , 6gi- 
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A furtliei diffeience between C alkyl ind N alkyl derivatives is that the former 
usually have only a slight odoui, while the latter gcneially have a strong smell 
recalling that of pyndmc 

It has alieady been mentioned that the pyrazole nucleus is stable 
towaids oxidising agents The alkyl groups attached to the ring in 
homologues of pyiazole may be successively oxidised to carboxyl 
gioups by use of potassium permanganate 

In r-phcnyl-pyiazoles the benzene nucleus is more readily oxidised 
away than the pyi azole nucleus, as is shown by the formation of 
pyi azoic when i-phenyl-pyrazole is oxidised with permanganate m 
sulphtuic acid solution (Knorr) As in the aromatic series, the 
benzene ling is still more easily disrupted if its stability is first 
loweied by the inti eduction of an ammo or hydroxyl group For 
example, the benzene ling of i-ammophenyI-3-methyl-pyrazole is 
much moie leadtly attacked than that of i-phenyl-3-methyl-pyrazole 
A tciTUukable point is the stability of pyrazole denvatives under these 
conditions as compaicd with corresponding derivatives of pyt role, the 
lattei being completely oxidised by potassium permanganate 

I he action of nascent hydiogen (from sodium and alcohol) varies 
with diffcient compounds of the pyrazole group 

Pyi azole itself and its homologues are apparently not attacked by 

sodium and alcohol 

i-Phenyl-pyiazole and its homologues, te, those derivatives foimed 
by the intciaction of phenyl-hydrazine and /3-diketo-compounds, have 
been shown by K11011 to be 1 educed to pyia/olme derivatives 
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1-Phcnyl-pyTOoIc 


II a cl-l j CH 

1 Phenyl-*pynzo1ine 


Pyiavolme bases obtained fiom phenyl-hydiazine are changed by 
oxidising agents, such as chiomic acid, nitrous acid, ferric chloride, and 
hydiogen pcioxide, into chaiactciistic dyes vaiymg from red to blue 
in colour I his leaction, desenbed by Knorr as the pyrazolme 
roaoUou, may be used frn the detection of pyrazole and pyrazohne 
bases deuved fiom phenyl-hydiazmc 


the lcftclion is conveniently cauietl out as follows A small amount of the 
nynuole base is dissolved in alcohol m a test tube, and a small piece of sodium 
added to the boiling solution Aftci llie metal lias dissolved, flie miv ure is 
diluted with water, the alcohol distilled off, and the pyrazolme base extracted 
fiom the lesiduo by means of ether After removing the ether, the base is 
dissolved in conipaiativcly sliong sulphuric acid and a drop of a solution 0 
sodium mlutc 01 potassium dicluomate added, when a fine coloration (red to 

blue) is pi odticcd 


2 Q 2 
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Pyrmohne and its Derivatives —Pyrazolme derivatives diffei con¬ 
siderably in their properties from those of pyrazole, owing to then 
much lower stability Ihis is another indication of the aiomatic 
nature of pyiazole, since it is almost a characlcustic of aiomatic 
compounds that the addition of two hydiogen atoms to the ring 
results in diminished stability 

The pyrazolmes give the reactions of aliphatic denvatives, lescmblmg 
unsaturated compounds in their behaviour towaids peimanganatc, and 
nascent hydrogen They resemble hydiazones in the mannei in which 
theyaie hydrolysed by mineral acids, and aldazmcs in then decom¬ 
position into gaseous nitrogen and nitrogen-free substances The 
presence of a five-membeted ring is only levealcd m the ease with 
which pyiazohnes are conveited into pyra/olcs 

Pyrazoline and its homologues are weak bases In gencial they 
only dissolve in concentiated acids, forming unstable salts which 
dissociate on the addition of water The patent substance, pyrazoline, 
an oil of boiling-point 144 0 , is the most stable of all these compounds 

The pyradohdmes , or completely reduced pyi azoles, have not been 
thoroughly investigated owing to their instability They possess stiong 
reducing properties and readily give up hydiogen to foim pyia/olincs 


Denvatives of Py) azole —7 auto mens m in the Pyi azole Senas 

As the lesult of an investigation into the synthetic denvatives of 
1-phenyl-pyiazole, 1 ICnorr assigned to the then unknown pyta/olc the 
following constitution — 
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The problem of the stiucture of pyi azole entered a new phase in 
1893, when Knorr and Macdonald showed that the oxidation of the 
well-known isomeric compounds 1 - phenyl - 3 - methyl - pyra/ole and 
1 phenyl-5-methyl-pyrazole, 01 then amino-denvalives, gave one and 
the same methyl pyrazole 2 of boiling-point 204° 
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1 Phenyl-3 methyl pyrazole 
Ciyst'illme, m p 37 0 
B p 254^ to 255 
Metlnodide, m p 144 0 


i-Phcnyi $ methyl pym/olc 

Colouilcss oil, b P 2 $d\° to 255 * 
Does not solidify at ™ 2 o“ 
Metlnodide, m p 296 ° 


1 Bet , 1S90, 28 , 1x03 a Knorr and Macdonald, Ann , 1894, 379 , 188 I or isomcnem 
m the pyrazole series, see also K von Anweis, Bet , 1923, 65 , 3880, 1925, 67 , 528 , 1927, GO, 

1730 
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By this method it is therefore not possible to obtain the two 
incthyl-pyrazoles of the formula 

Nil Nil 
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Louespondmg to the above phenyl-methyl-pyrazoles 

Knoit and Macdonald also failed to observe the production of 
isomeric methyl-pyiazoles on condensing hydrazine hydrate with 
oxyrnclhylcne-acetone On the other hand, Claisen and Roosen 
found that phuiyl-hydrazine leacted with oxymethylene-acetone to 
fot in two isomeric phenyl-methyl-pyrazoles 1 

Hence it appealed that positions 3 and 5 in pyiazole were 
equivalent to one anothci Methylpyra^ole^ b p 204°, may therefore 
be a mixtute of the two desmotropic forms, 3-melhyl-pyrazole and 
5-mcthyl-pyia/ole, in a slate of continuous and rapid interconversion 
F01 these 1 casons Knoii described the compound as 3 (6)-methyI- 
pyrazolo and foi initialed it as J below 



'lhc acanacy of this conclusion was confirmed by the discovery 
that methyl-pyia/ole could react simultaneously in the sense of a 3- 
and a 5-molhyl-pyia/olc 

It is thocfoie assumed that the i-hydiogen atom in pyrazole is not 
uottnanenlly attached to a given mLiogcn atom, but is linked sometimes 
to one and sometimes to the othei, with corresponding readjustment 

of the double bonds, as indicated in formula II 

This state of affairs, as revealed by experimental investigation, is ot 

liaiticulai Intelost because it appears to throw some light on the 
constitution of ben/cnc, a pioblem which Is less easily attacked fiom 


the expel imental side , 

It is mute peinusslblc to apply the experience gamed with pyrazole 

to the case of bciucni, since the similarity between these compounds 

is so sinking that the valency conditions of the three methme groups 
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1 , 1891, 24 , 1888 Ann , 1894. 278 > 3 61 
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of pyrazoie must be practically the same as those of the thiee methine 
groups in a half of the benzene molecule 1 

From this point of view Knoir supports Kekulb’s foimula foi 
benzene 

The identity of the I 2- and i 6-dlsubstitution ptoducts of 
benzene, which has been used as an aigumenl against the Kelnil£ 
formula (see p 356), is readily undei stood fiom our knowledge of 
pyrazoie The reairangement of the double bonds in benzene must 
occui all the more easily since there is here no question of the 
hydrogen atoms changing position, wheieas in pyiazole the alteiation 
of valency bonds is accompanied by an actual displacement of the 
i-hydrogen atom Hence the lack of any evidence pointing to the 
sepal ate existence of the two foims, 
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is due to the fact that they aie dcsmotiopic modifications, which 
undergo tiansformation into one another with extraordinaiy ease 

In addition to the above taulomeiism of 3-(5) methyl-pyiazole, 
a second and veiy pecuhai type of lautomerism has been obsetvecl 
in the pyiazole senes in connection with l-plienyl- 3 -methyl 6- 
pyrazolone, the patent compound of anlipynne, which is usually 
foimulaled as T It is prepaicd in laige quantities as an intermediate 
product m the manufacture of antipyrine, by condensing acetoacctic 
ester with phenyl-hydiazine (see p 261) 

Accotding to ICnoit,* this extremely lcactive compound may lead 
simultaneously in the three desmotropic foims 
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Methylene form 


Irmnc form 


Phenolic form 
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In this case vve are therefoie dealing with a very complicated case 
of tautomensm, desenbed by Knorr as “double taulomeiism" 

i-Phcnyl-3-melhyl-5-pyra?olonc itself is known only in one form 
Whether prepared by synthesis or from a deuvative coriesponding to 
one or othei of the above thiee types, it is always obtained in the form 
of a substance of melting-point 127°, crystallising in white pi isms 
Which of the above three formnke repiesents this compound has not 

1 Knorr, Ann , 1893, 272, 195 8 Kuorr, Bet , 1895, 28, 706 
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yet been established with certainty, but numerous derivatives are 
known corresponding to each type 

The majonty of the denvatives of phenyl-methyl-pyrazolone possess 
the methylene structure 

Examples of this type are r -phenyl-$-methyl-<\-dimethyl-pytazolone 
and pyra«ole blue The lattei is readily obtained by gentle oxidation 
of phcnyl-methyl-pyrazolone, and repi esents the indigo of the pyrazole 
series 
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Pyrrole blue 
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The imme structioe is only found in the paiticular group of phenyl- 
methyl-py 1 azolonc denvatives known as antipynnes 
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Pi oof of the imme structuic of antipynnes is found in the disiuption 
of antipynne by means of sodium and caibon dioxide, to give the 
anilide of /3-mcLhylamino-crotonic acid 1 

Thice othei groups of compounds must be considcicd as belonging 
to the phenolic type, vi/, the phenol-ethos, esteis and salts of phenyl- 
inethyl-pyrarolone 

In conclusion, it may be mentioned that ccilain nitro-deiivativcs 
of phcnyl-methyl-pyia/olonc, such as 4- mtro-i-p-mtiophenyl-y methyl- 
pyi a^olone, known as piorolonlo acid, 
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are also legalded by Knorr as nitiophenols, owing to then similarity 
to pictic acid Picrolonic acid yields veiy spaungly soluble salts, 
which in then ptopcilies show a close lcscmblance to the piciales 
They ate usually even less soluble than the lattei, and may be 
employed with advantage for the isolation and identification of bases 
The aiguments which lend support to each of the thiee competing 
formulae of phenyl-methyl-pyrazolone lead to the conclusion that the 

1 Knorr ind Taufkirch, Ber > 1893, 26 , 768 
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acidic hydrogen atom and the double bonds occupy no fixed positions 
m this compound It is the peculiar mobility of this hydrogen atom 
which enables tautomeric changes to be completed with such case 

Analogous rearrangements of bonds, but without any movement of 
hydrogen, are also shown by antipyrine in ceitain addition reactions 
Antipyrine, i -phenyl-z i-dmiethyl-^-pytaz.olone t 


N C 0 H B 


oc 
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N CH S 
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is the most important member of the pyiazole gioup, and is used 
extensively in medicine as a febrifuge It is prepared mdusti tally by 
heating i-phenyl-3-methyl-5 pyrazolone with methyl iodide and methyl 
alcohol at ioo° under piessure, the hydriodide of antipynnc is thus 
produced, fiom which sodium hydioxide libeiates antipynnc itself 
A method of preparing antipytine which thiows light upon its constitu¬ 
tion consists in the condensation of acetoaceUc estei with symmcti ical 
phenyl -m ethy 1-hyd r a zine 

It crystallises in white plates, mp 113 0 , and dissolves leadily m 
watei and alcohol The aqueous solution is coloured red by feme 
chloride, and green by nitrous acid Antipyrine is a stiong monacid 
base and readily foi ms salts, most of which are easily soluble m water 

At ordinary tempeiatures alkyl iodides untie with antipynne in 
the same mannet as with the innet salts of phenol-ammonium 
bases, te phenol betaines , m that iodine attaches itself to the 2-mlrogcn 
atom of antipyrine, while the alkyl group unites with the oxygen atom 
This behaviour originally led to the suggestion that anlipylines should 
be formulated as phenol-betaines 

From antipyrine and methyl iodide, foi example, theic is foimed 
an antipyrine "pseudo ’‘-methiodide, 1 which is identical with the 

methiodide of i-phenyl-3~methyl-5-mclhoxy~pyia/ole 
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i-Phenyl 3 methyl 
5 methoxy pyrrole 


Phenol betaines unite with methyl iodide in a similar way, in the 

1 Knorr terms these compounds antipyrine pseudo methiodides, in order to indicate their 
derivation from antipjnne, the term antipyrme methiodide being reserved for the as yet rmknown. 
true methiodide It was the formation of these pseudo compounds winch fust letl Knorr to 
consider whether antipynne might not be more corrccLly formulated as a phenol bet line, t e , the 
inner salt of a phenol ammonium base Compare also Miclnclis, Ann j 1902, 880 , 45, 1904, 
881 , 197 
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piesence of caustic potash The lesulting quaternary iodides aie 
identical with those, obtained fiom the dimcthylamino-anisoles 



o Inmclhyl- 
ammonium phuioxiclc 
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A detailed companson of antipynne with o-trimcthyl-ammonium 
phenoxide, howevei, levealed the fact that, apait from the addition of 
alkyl iodide, these compounds were quite diffeient m behaviour, the 
fiseudo~sX\aio<\\<\&s of both compounds had also different propeities, and 
lienee the "phenol betaine” fotmula foi antipynne was lcjected 

On being fused, the pseudo-alkiodidcs of antipynne do not break 
up, as might be expected, into alkyl iodide and a phenolic ether, but 
into alkyl iodide and antipynne 
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Antipynne is also legenerated fiom the pscudo-methiodide by the 
action of alkalis, slowly in the cold and moie lapidly on heating 1 

In the above teactions it will be seen that antipynne behaves as an 
unsatuiatcd compound of type I 

Under the influence of alkalis at lnghei lempciatuie, however, 
antipynne and similaily constituted compounds react as unsatuiatcd 
substances® accoiding to formulae II and III 

Finally, on interaction with biomine, antipyiine behaves in the 
sense of foimula IV 
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1 An equally remarkable behaviour towauls alkyl iodides, resembling the above case of 
antipynne, is shown by the y qumolones and by mlioso chmethy lam line (knori, Bet t 1897, 
80 , 922, 933) All these reactions involve addition to the ends of a long chain containing 
neighbouring double bonds, which leads to a simult iiieous rearrangement of the bonds They 
thus recall the cases of I 4-ncldition studied by Uncle (p 23) 2 Knorr, Ann , 1896, 20S, 7 
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Thiq remailiable vanation in addition-reactions is explained by 
Knorr as being due to intramolecular movements of the hydiogen 
atom in antipyrme, accompanied by changes of linking 1 

It is suggested that the 2-mtiogen atom alternates between the 
tri- and pentavalent states, thus permitting displacements of valency 
bonds similai to those assumed in the case of tautomeric compounds 
Among the great numbei of antipyune molecules piesent in 
solution 01 the fused state, there will always be some in which the 
valency conditions coirespond to the above four types 

In the addition of alkyl halides in the cold, and in the pioduction 
of antipyrme salts, fonn I will icact in prefeience, since the negative 
ladical will naturally attach itself to the basic and the positive ladical 
to the acidic point of the antipyune molecule Only at lughei 
tempcialuies, at which the alkiodicles of the phenol-ethci type aie no 
longer capable of existence, docs antipyune leact with methyl iodide 
accoiding to foimulaj II and III Biomme, on the othei hand, unites 
in positions 3 and 4 (Form IV), in accoidance with its tendency to add 
on to a double caibon linkage 

Ccitain other deuvatives of this type are of impoitance, eg sali- 
pyrino, 01 antipyrme salicylate, tolypyrlne 01 ^-tolyl-dimelhyl- 
pyi a7olone, and pyramidone 01 4-dimclhylamino-antipyrinc These 
and othei derivatives are employed medicinally, paiticulaily as 
substitutes foi antipyune 


Indazoles or Benzo-pyrazoles 


The ring system of the mda/olcs consists of a condensed benzene pyiazole 
nucleus, and these compounds thus stand in the same relationship to the pyrroles 
as the indoles to the pyrroles Here also it is found tint the hydiogen atom 
liulced to nitrogen is mobile, and that one parent substance consequently gives 
use to several scries of deuvatives, as in the pyia/ole group The indazoles are 
refened to md.izolc, discovcicd by 1'ischei and tafcl, and the istndazoles to the 
hypothetical isinda/ole The position of substituents is indicated by numbers, 
as in the following formula 
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Opinion is stilt divided as to whether mdazolo actually conesponds to the 
above formula, containing a meta linking between carbon T-nd nitrogen 3 

Xndazole is t. crystalline compound, m p b p 270 , which is best prepared 

from antlnnmlic acid (l ) The httci liny be dn/oltsed and 1 educed to 0 hydramno 
be mote acid (II), which, on heating with phosphorus oxychloudo, yields chtoro 

1 Ann , 1896, 208 , 39 3 Compare, for example, Hantzsch, Ber , 1902, B6, 892 
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nidazole (III) 

mdazole (IV) 
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This on 1 eduction with zinc dust and hydrochlouc acid 1 gives 





Nil NII a 
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It is also obtained by removing the? elements of water from o toluene diazo hydioxide 
in neutial solution 


/NjOH 

\ch 3 



A large number of mdazoles substituted in the benzene nucleus have been piepared 
by this method, by staiting fiom substituted o toluene diazo hydioxides The diazo 
compounds prepared from nitiated and bioininatcd o toluidines have a strong 
tendency to foim ungs of this type 


H —IMINAZOLU OR GLYOXALINB GROUP 

The ting system of the lmina/olcs, like that of the pyra7oles, 
consists of thiec caibon and two mttogen atoms In this case, 
however, the lattci ate not adjacent but aie sepaiated by a cat bon 
atom Ilcncc immazolcs may be legarded as cyclic amidincs, derived 
fiom the complex IIN~CII—NII 2 

Iminazole, the patent compound of the senes, is fotmed, as desertbed 
on p 2/j7, by the action of ammonia on glyoxal, and hence is also 
known as glyoxallne In this icaction it is assumed that a pail of the 
glyoxal is fiisl bioken up to give formic acid and foimaldehyde, and 
that the lattoi then condenses with the ammonia and glyoxal 

IIC O IIjNII 

+ 4 II CII O 

IIC O I^NII 

I he figtiios oi lctteis attached to the foimula indicate the mannei m 
which substituents arc lepicsented 

I he above is a somewhat troublesome method of piepaimg 
glyoxahnc, and it is moie convenient to allow fot maldehyde and excess 
of ammonia to mLeiacl with dinilio-latlauc acid, when a good yield 
of ammonium glyoxahne-dicatboxylate is obtained, fiom which by 
addition of hydrochlouc acid ftee glyoxalnte-chcarboxyhc acid is pie- 
ctpilalcd On heating this to about 300° it decomposes smoothly into 
caibon dioxide and glyoxahnc 

Glyoxalme fot ms pi isms, mp 88° to 89° and bp 255 0 It is a 
weak Ijase, and when wai m possesses a faint fishy smell 

1 E Livelier anil Seuffcit, lit ), 1901 , 84, 795 
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Substituted glyoxalines are piepaied by a method analogous to 
that employed for glyoxaline, by the action of ammonia and aldehydes 
on glyoxal or other I 2-diketo compounds 
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Properties of the Glyoxahnes —Glyoxalines are stionger bases than 
the isomeric pyrazoles, as may be seen fiom then basic constants 
(glyoxaline i 2 x I 0 “ 7 , pyra/ole 3 0 X iO' la ) 

The lmino-hydrogen atom of glyoxaline can be replaced by metals 
and alkyl radicals Ammoniacal silvei solutions yield with glyoxaline 
a flocculent precipitate of the silver salt, which is only slightly soluble 
m excess of ammonia The parent glyoxaline bases aie quite stable 
towards alkalis, but this piopeity is lost in the methiodides and 
similar deuvatives, which on heating with alkalis decompose into a 
mixture of two primal y bases, 1 eg, 


N CH, 
HC/\CH 


HC 




N<C.H n )Br 


Methylglyoxalme amylbronudo 
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Glyoxaline and its simple substitution pioducts in which the 
immo-group is still mtact aic vety leathly chsiupted, even at o'\ by a 
mixture of benzoyl chlonde and caustic soda, with the pioduction of 
a carboxylic acid and a diben/oylated base 2 Ben/cnc dia/o-chloudc 
also leacts with glyoxalines containing a fiee imino-hydiogen atom, 
to yield coloured diazo-amino-compounds 1 * 

Occurrence of Glyoxahnes in Nature —It has been shown by Pinnei 
that the alkaloid pilocarpine^ present in jaboiandi leaves (of toiar pus 
pennahfolms ), is a derivative of N-melhyl-glyoxalme Other natuially 
occuinng lmina/ole deuvatives, such as caffeine, theobromine and 
theophylline, have already been dcscnbccl undci the punnc gioup 
The purines, in fact, contain a nucleus foimcd by the fusion of an 
immazole ring with a pynmidine ung Iminazole deuvatives arc also 
met with among the disiuption pioducts of piotems (sec Histidine) 
The discovery of a remarkable tiansfoimation ftom the sugais to the 
immazole group (see p 303) lends additional mteiest to this senes 
from the physiological as well as the chemical standpoint 

Pmner and Schwarz, Bei , 190a, 86, 3441 3 Accenting to recant investigations of 

o and Mingon ( Gazzetia , 1936, 60 , 958) this statement is mcoirect, Lhc product of the 
reaction being benzoyl-glyoxahne a Burton, Bet , 1904, SV, 696 
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/3-IminazyLethylamine, histamine> is of biochemical interest It 
is fonned from histidine by bacterial putrefaction, and can therefore 
be isolated fiom the putiefaction pioducts of proteins 
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It is found in the fresh mucous membiane of the small intestine, and 
is also ptesent in piepaiations of ergot, where it is of importance in 
connection with the activity of the diug, as it causes contiaction of the 
muscles of the utci us The base has been pi epai ed synthetically 1 
Its liydiochloudc crystallises fiom alcohol in pnsms, melting at 240° 
with decomposition 

4(6)-Nitro iminazole 5(4) oarboxyllo aoid has been obtained by the 
oxidative disiuption of piotein by means of mine acid It is leadily 
piepaied in the following stages ^ymelhyl-imina^ole ->- $(4)-mtro- 
4(5)- methyl-iminazole carboxylic aud z 


Benzim Inazoles or Benzo-glyoxalines 

These compounds contain a condensed gtyoxalme benzene structuic, and bcu to 
the glyox-ilmcs the same ichtionship as the indoles to the pyuoles they are 
cyclic 0 amidmes of the bcrnenc senes, and aie foimed hy the condensation of 
o phenylcnc diamine land its subbtidUion products with caiboxylic acids oi their 
anhydrides, e 

/Nllj IKK /NIK 

C a n/ h >CII = 0,11/ \CII 1 2lI a O 
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0 Phonylono X onnio Uon/Imlim^olo 

dlamiuo rcUI 

Benzlminazolo, o phenylene fo>mamtdme x is obtained by the above method and 
also by the mtciaction of chloiofmm, potassium hydioxide, and o phenylene 
diamine It crystallises in white needles of melting point 170°, 

I he basic chaiactci of the bcn/imun/olcs is not quite so maikeclas that of the 
glyoxahncs I hey aie also weakly acidic and gcneially soluble m aqueous alkalis 
with the formation of N metallic compounds Like the giyoxahnes they are 
attacked by bcn/oyl chlonde ami caustic soda* yielding dibcnzoylatcd 0 diamines 
Towards oxidising and icducing agents they are veiy stable 


III —ISOXAZOLIOS, OXAZOIiHS AND THIAZOLE1S 

In those imgs composed of tlnec cailion atoms linked with one nitrogen and 
one oxygen atom, nitiogcn and oxygen may be adjacent or separated by an atom 
of caibon In the formci case the compounds aie teimcd tsoxamles and m the 
latter oxazoles 

1 Bet , 1907, 40 , 3691 WiiKhtiB and Opit?, Bet , 1911, 44 , 1721* 

W Langcnbeck, Bey , 1923,60,683 


* A Windnus and 



624 


ISOXAZOLES, OXAZOLES AND THIAZOLES 



00 lie 
lie 



Inuxnrolo 



(ft) IIC 

(« no 



Oxazolo 


ciio) 

N 


XBQxassoloB cqi respond to pyruolcs, and just as the latte 1 ue obtained fiom 
liydiayones, the fonner lesult by loss of water fiom tlic monoximes of p diketones 
and p ketoaldehydcs, eg , 


c a n B c- gii=c cn 3 

ii— on on 

Monoxlm# of oo-f bonroyl acetous 


Cnll |i C—CII=C CII 


■ ■I 


N 


A 




1’lionyl mothyl iflaxnzolo 


Ihey ate also pioduced by the action of icd fuming nitric acid on diketones and 
esleis of ketomc acids 1 The paient compound of this group, isoxa^olo, is obtained 
by the interaction of hydioxylammc and piopaigylic aldehyde Assuming that 
an oxime is* fit at produced, this icaction may be considered as an intramolecular 
addition of the oximmo-gioup, N Oil, to the tuple tiubon linking 

on c ciio —> on c on n on —>> cn on on n o 


Isoxa^olc is a clear, mobile liquid, with a pencilating smell icsemblmg that of 
pyndine, it boils at 95 5 0 Isoxa/olcs, like pyiazoles, aie weak bases 

On being mixed with an alcoholic solution of sodium elhoxitle, isoxazolc 
decomposes to give the sodium salt ofeyano acetaldehyde 01 cyano-vinyl alcohol 

CII CH CII N I NaOCJIn ~ Oil CII CN ) Oil 


In an analogous mannci a alkyl isoxa/oles, in which the y position is unsubstituted, 
are attacked comparatively lapidly by alkalis and instantaneously by sodium 
clhoxidc, forming Balls of the isomenc cyano ketones, 


O 


cn, c/\n 


IIC! 


CII 


CII, CO 

L 


0 

IJ 


N 


i p fw 


On the other hand, a y dialkyl isoxazolcs are extremely stable towirds alkalis 
Oxn^oler* concspond lo glyoxallncs 01 nnnwolcs A gcneial method foi their 
piepuaUon is by the interaction of acid amides with a halogen substituted ketones, 


O 


O 




nc/\c cn 


CllJlr 

C CII„ 



I 

1 1 



CO 

II fl N 

Colls C 

■ 1 M 1 


0 


Bromo acotophonono Acttaiitldo 


ft Mothyl ft lihmiyl oxtieolo 


or by the action of cyanhyduns of aromatic aldehydes on the aldehydes tbcmsolves 4 


O 

G 0 II C CIIOII \ 

t 0 t, 0 II» 

II 

Ilournlfloliydo oyiukliydrin 



O 


c 0 n fi o( c rt n fi 


TIC 


N 


a, ft Dlplioiiyl oxii/olo 



1 J Schmidt nnd Wiedmann* B&t , 1^09^ 43 , 1869 J 3 ? Fischer, /Itr , 1896, 20, aoy 
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The oxazoles are weak bases, and m many case9 the ring is comparatively 
easily ruptiued Oxarolc itself, the simplest member of the group, has not yet 
been prepared 

The lien/oacazoles may be compaicd to the benziminazoles Just as the lattei 
are obtained fiom o diammo benrenes, the former xesult fiom o ammophenols by 
condensation with carboxylic acids 


CJ 1 


Q xx i 


sOll 

\nIIo H 


no 


0> n 


o Amlnophonol 



CII + 21^0 


BmiZOtfMOlfi 

(rap SO 5 , ]) p 182 & ) 


Benzoxazoles possess a weak basic chaiacter, and on being heated with hydro 
chloric acid decompose into their components 1 —ammophenols and caiboxylic acids 


Thiazoles ate foimed by the inteiaction of thioamides and a chloro- 
ketones or a-chloro-aldehydes 1 (Compare method given above foi 
oxazolcs ) 


CII.Cl 


IIS 


CII„ CO 


\ 

C 

II 

IIN 


CII, = 


(«) nc/\c ch, u) 


(0) CII, c 


+ IIC1 + ILO 


N 


Ohloront otoim lliitmcolnmldo 


fl t ft Dimotttyl thlnzolo 


If thiouica is used in this leaction /x-amino-thiazoles ate formed, 
which on tieatment with nitrous acid and alcohol exchange the 
ammo-gioup foi hydiogen, with the pioduction of thiazoles 

Thiazole stands in the same lelalionship to pyridine as thiophene 
does to ben/ene As has alieady been shown on pp 587 and 588, the 
last two compounds possess many propci lies in common, and a similai 
lesemblance exists between tlua/ole and pyiidmc Thia/ole itself 
i& piepaied by the above method fiom ^-amuio-lhiazole, and foi ms a 
mobile, volatile liquid, boiling at 117 0 , with a smell like pyridine It 
is less basic than the latter 

A large number of derivatives of thiazole aie known, which cannot 
be described hcie 

Benzo-thiazoles icsemble the quinoline bases, and coirespond in 
then composition to the benzoxazoles and benziminazoles They aie 
ptoduccd by the action of acids on 0-ammo-thiophenols 

SII S 

CflUK I IIOOC R = CfllljC R + aIl,0 
^NIl,, 

JJ 


Certain derivatives of this group ate of value as substantive cotton 
dyes 

Ihus when /-loluidine and sulphui ate heated together for a 


1 Uimt/sch, Ami } 260 , 257 


2 R 
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considet able time at 200°, a product known as “primuline base 11 is 
obtained, containing the following thiazole deuvative 

CII, C 0 II 8 <^%C—C.IIa^^C-CoII, Nil, 

This is readily sulphonated to give primullne, which dyes cotton a 
yellow colour without the aid of mold ants 


IV—TRI AZOLES OR PYRRODIAZOLES 


If two of the CH-groups m pyuole aie leplaced by two N atoms, 
foui different ring systems may be dcnvcd, as icpiesented by the 
following fotmuke — 



NH 

CIl/i\N 


N 


& 2 


i 8 


CII 


I 2 4- 



III Nil 

iic/\n 


iic 


N 


l 2 3“ 
^_ 




'CII 


'V 


t a s-lrmole 

— 


In this senes we meet with tautomeric phenomena lecalling those 
described undei pyra/ole (see pp, < 5 14 et seg) Whctcas all four com¬ 
pounds ate known 111 the form of then N-allcyl and N-aiyl derivatives, 
the patent substance I appeals to be identical with II,, and simtlatly 
III with IV F01 this reason it is convenient to make use of the 
following foimulse 


N 

iic/Nui 


N 


II 


N 


sym 111 vote 





TIC 


- ( CII 


v~Iim/olc, osolun/olc 


in which the position of the mobile hytliogen atom is not bpecified 


Sym TUnssoio ts obtained by various reactions, eg by the condensation of 
formyl hyclinzidc with formamtdc 

NII„ 0 011 N—OIK 

| \ / “ | II >N 1 all & 0 

Nil—CII - 0 II N N—CII/ 


and also by the action of nitions aud on hydio tcua/inc 1 Ihis last reaction 
is of intciesl as illustrating the convcision of a six into a five membered ling 


nc 


—mf 




n— on 
I n 

N-UI 




1 IlanUsch tmcl bdbcrmd* Bet , 1900, 88, 58 
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Both these methods aie of general application, and symmetucal oi tiue 
tuazoles can thetefoie be prepared 

r From dihydio tetiazmes 1 

2 By the action of acid hydi azides on amides Instead of starting from the 
hydrazide itself, the hydrazine hydrochloride may be heated with two moleculai 
piopoitions of the amide In this case ammonia is last hbexated with the 
foimatton of a hydiazide, which then acts upon the second molecule of amide 

3 By wanning the acid derivatives known as hydrazidmes (Pinner 2 ) 

123 Frmzole is foinied by the union of acetylene and hydiazoic acid The 
latter also unites with hydiogen cyanide, foiming tetrazole 3 


CH 

on 


Nil 





Phenylazide, C 0 H fi N a , and sodium ethoxide in boiling alcoholic solution give 
1 phenyl 123 triazole (m p 56 ) as the mam product of leaction 1 The use of 
diazobenzene imido and lnghcx alkoxulcs leads m general to the foi mat ion of 4 alkyl 
1 phenybi 2 3 triazoles 

Sulphm denvatives of triazole aie pioduced by the action of phenyl hydrazine on 
persulpliocyamc acid 6 


S C 


Nil 


Nil 


NH 


S \ 

C Nil +c a n 6 NHNHg SC 

-H 

^ ^CS NII fl 

- Nila SC 

S \ 


S CjIIjN 

- Nil, 

C 0 H S N 



CS 


Porfluipliooyanto aold 


Nil 


Inlormodlnlo product 


Plumy 1 ditlilo 
trinzolidono 


Tria/ola sublimes m needles, mp 120° to 121° and bp 260° (ioo° undei 

01 mm ptessme) It is a weak base (K = 2 2Xio~ 13 ) but \ldds metallic salts* eg 
(C 3 II 2 N a ) a Ui 

In gencial, the lnazolcs closely lescmblc the pyrazoles 111 bohavtom, but aie 
oven more stable towaids oxidising agents They <uc all veiy weak bases, although 
the mtioduction of two methyl or ethyl gioups somewhat mcicascs the basic stiength 
As in the case of the pyiazoles, a number of interesting tautomeric phenomena have 
been discovcied among the 123 triazoles 0 


Othci ring compounds of simtlai type are the fmaasanos (I ), resulting fiom the 
oximes of a diketones by lemoval of water, and the oxycllaaolem (II), obtained 
from symmetrical dmcyl hydta/mes 


R C—N on 

R C=N Oil * 


R C=N Nil CO R II N-==C R 

I >0 , [ - I > 0 

R G=N Nil CO R N=C R 


1 Bunch find Heinrichs, liti , 1900, as, 455 B Pinner, A mi , 20V, 221 , 1898, 298 , 1 
J O Himroth ind co workers, Bet , i9ro, 48 , 3219, 2899 1 A Butlio, Ba , 1925, 68, 859 

* Fromm and co workers, Am , 1906, 848 , 17 f, Bet , 1923, 66, 1370, < Dimroth, A tin , 

1909, 864 , (83 
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Endimino-triazoles 


Feculiat tnazolc bases containing a " nitrogen bridge," and known as 
endimma-tua/oles, have been prepared by Busch 1 Ihey aic ptoduced 
i Fiom acid chloi ides and triarylamino-guanidines, 



V/ 


IINR 



C 


r NH - N 



II 2 0 + IIC 1 


R N-N 


2 By condensing aldehydes with triarylamino-guanidines and 
oxidising the icsulting products 


IINR'" 
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C NIIR 


It 


r c no i 

R' I IN-N 
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11,0 R IIC|£ 1 >0 NIIR 


R'N 


1 8 


N 



i | s-Trnlkyt-3'ilkyhmmo An endimino 

dihydro trivoft, limolc 

Most of the endimino-Uia 70 les are yellow compounds, which 
possess strong basic chaiactcr and crystallise well Although veiy 
stable towaids acids, they aie icadily decomposed into their ouginal 
components by alkalis 

Endimino tiitwoles aic also of piaclical interest in so fat as their 
mliates aie much moie sparingly soluble than any olhei mtiates yet 
examined, so that these bases may be employed as a icagcnt for the 
nitiate ion 

The nitrate of 1 4 -diphenyl-endaniIo-dlhydro-ti’iazola is the least 
soluble of these compounds and may be used successfully fot the 
qualitative and also the quantitative estimation of mine acid Fo» this 
reason the base has been termed nitron 

Nitton is piepared fiorrt liiphcnyl-aminoguanklinc and foimic 
acid, accoidmg to the following equation 


IIN CJI 


0**6 


ii cooii v 



IIN C fl II 6 
C 0 II 5 NH-N 



I 2lI s O 


Ity-Djphcnyl 3 $ cndanllo-dihydro 4 riazolc< 
1 M Busch, Bn , igo5j 88, 856, 86i, 1049 
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It crystallises in yellow leaflets or plates which melt with decom¬ 
position at 189° 

As a leagent, a 10 per cent solution of nitron m 5 P er cen t acetic 
acid is used About 5 to 6 c c of the liquid under examination are 
acidified with one drop of dilute sulphuric acid, and five to six drops 
of the nitron solution added In the piesence of mine acid a 
voluminous white piecipitate immediately separates, and by this 
means nitric acid may be detected even at a dilution of 1 m 60,000 

Nitron may also be employed for the detection and estimation of 
mtiates in the presence of nitrites 1 

V —T0TR. AZOLES 

Tetra/oles contain a ting system built up from one carbon and 
four nitrogen atoms 

Once again tautomeric phenomena are obseived, similai to those 
described in the case of pyt azole and tna/ole, the one parent 
compound (I) giving rise to two series of denvatives (la and I b) 
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1 N 
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Owing to the mobility of the double bonds, the hydrogen compounds 
conespondmg to the types I a and I b aie in a state of dynamic 
cquiltbuum with one another, and lsomcusm can only be detected if 
intiamolecular change is letaided by substituting the lmino-hydiogen 
atoms 2 

Icticuolcs arc fotmecl by vaiious icactions, eg with gieat icnclincss fiom mtious 
acid and hydin/idmcs 

N NII a N 

r no R c^Nnii 

I 2lI a O 

n==Jn 

An auangcmcnl of atoms similar to that m the hydiaztdmcs is present in ammo 
guamdme I he lattci on tieatment with mtious acid yields ammo tetrazole, 
which is also foimed by the addition of cyanamide to liydia-soic acid 

Nil Nil 

II a N II U N c/"\n 

NII NII a N- In 

1 M Buschf Bti t 1905, 8S } 8O3 For the determination of nitric acid in water, see Busch, 
J € S f A, 1905* h , 418 3 WetlJund, Bet , 1896, SO* 1846 M Fieund, Bit , 1901,8!, 3110 

2 R2 
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PYItONES 


Teh azole may be obtained from ammo tcti uole by way of the di'i/o-compownd 
in the same manner as benrenc is obtained from unline 

For the formation of tetuirolc fiom hydra/oic arid, see p 629, and for the 
synthesis of tetimdes fiom dmroben/cnc lmwlc, see O Dimioth and Mci/b ichci, 

Bet , 1907, 40, 2402 

The tetrazole ting is very sirmlai in naluie to the bcn/ene 1 mg 
Those tetrazoles containing a fice muno-gioup arc strong monobasic 
acids The silver and coppci salts of tetia/oles explode with violence 

on heating 

Tetrazole foims colouilcss ciystals of melting-point 156°, and its 
aqueous solution is acid 111 icaclion It possesses no basic ptopetUcs 
and gives no nitioso derivative 



P vi ones 


The pyrone ung contains five caibon atoms and one oxygon atom, 
and according to their auangemcnl a distinction is diawn between 
y-pyrones and a pytones, 
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(«') HC/\CII (a) 


1 ( 3 ') IIC 


\/ 
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7-Pyrono 

rap 3 2 °i bp 315 
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iic/Ntjo 


lie 


CII 
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b p 206 209' 



IIC 

IIOOC c 



Coimmhc acid 


Benzo-denvativcs of u-pyione have aliuady been dcscubcd on 
p 449, under coumann r, the y lactones of unsaluialcd aliphaiic-aiomulic 
0 hydioxy acids A simple dcnvalive of a-pyrone is coumaho tuui 
(coumalmic acid), which can bo propated fiom malic at id (see p 378) 
In the following pages will be found a dcscilplion of the y-J>y> 07 ics, 
generally Known as py> ones 

y-PYRONHS 

y-Pyione is the parent compound of a senes of substances found in 
nature, eg biazilin, 1 the colouung mallei of led-wood, and In lccent 
years the pyrones have also attracted interest m connection with 
investigations on the basic piopeities of oxygen 

A naturally occurring dcnvalive of y-pyionc is the mooonio aold 
present in opium On being heated, this acid paits with caibon 

1 See Crabtree and R Roblnaon,/ C S, 19181118, 873 W II Pci kin, J N Rfly, nml R 

Robinson, J C S t 1927, 3094 P Pfelffei and co workers, Bet , 1934, 67 , 208 , 1927, 00,2143 , 
1928, 01, 839 
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dioxide to form contentc acid and finally pyiomecomc acid (also known as 
pyrocomemc acid) 


O O 


HOOC c/Nc COOH 

hc/Nc COOH 

HcIMIc OH 

CO 

HclJlC OH 

CO 

Mcconic acid, 
ft hydroxy pyrone 
a a'-dicarboxyhc acid 

Comemc acid, 
ft hydioxy pyrone 
ct-carboxyhc acid 
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CH 


K/ 

CO 


C OH 


Pyromcconic acid, 
ft hydroxy 7 pyrone 

Cm p 12 r) 


Anothei compound of the same type is chelidonio acid, found in 
the celandine and white hellebore On being heated, this yields 
comamc acid and then pyione. 



IIOOC C 


/\ 


c coon 


HC 



Chehdomc acid, 
pyrone a a'-dicarboxylic acid 
(m p 262°) 


O 

HC-^ 


C COOH 


lid IICH 

CO 


Comamc acid, 
pyronc-n carboxylic acid 
(m p 250° with decomp ) 


The close relationship existing between the pyioncs and pyndones 
is at once visible on compaimg the fotmula; of these two series of 
compounds, and is also confirmed by expcnmcnt, since the pyioncs on 
tiealmenl with ammonia aic icadily convcitcd into the cot responding 
pyndones In this change the ling oxygen atom is lcplaced by the 
NH-gioup, and it has been suggested that vanous alkaloids dcnved 
fiom pyndine aie synthesised m this mannci in the tissues of plants 
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IIC 
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CO 

7 Pyrone 



CO 

7 Pyridonc 


The synthesis of chehdomc acid and pyione may be effected from 
acctonc-dioxalic estei 1 The lattci is obtained by condensing acetone 
with two molecules of oxalic estei, and vciy icadily loses watci—even 
on boiling in alcoholic solution—to fonn chehdomc estei When 
acelonc-dioxahc estei is heated with hydiochlonc acid, loss of water 

1 WillBtttCtfli ind Pummcrer, Bo , 1904, 87, 3734, 3744, 1905, 88,1465 I’or the conversion 
of (liben/il-ncctonc Into ad diphtnylpy>one, sco 1 ) Vorlnnder and Meyer, Bo , 1912, 48 , 3355 
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and hydrolysis take place simultaneously, with direct production of 
chelidonic acid Pyrone may be obtained from chehdomc acid by dry 
distillation, preferably with the addition of copper powder 
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Dienolic modification of 
ncetone-dioxahc ester 
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Pyrone 


Chehdomc acid and pyi one are i eadily disrupted to give open chain 
compounds On being boiled with alkali, the foimei decomposes 
smoothly into I mol acetone and 2 mols oxalic acid, 

CjIIiOo h 3ll a 0 = aH0 8 C CO a H + CH B CO CII 8 

Pyrone is easily converted into denvatives of bv^-hydioxymethylene- 
acetone 1 Even a short treatment with alkali in the cold is sufficient to 
bung about this change The reaction may be conveniently followed 
by adding benzoyl chlondc to the alkaline liquid, when the bis¬ 
hy dtoxy methylene-acetone sepal ales out in the foim of its diben/oate 

CII-0—CII CII—ONa CII—ONa ^ 

CII—CO—CII * CII—CO—CII > 

HC—0 COCjIIj lie—O COC fl II 6 

HC-CO-CII 

Dibenzoatc of bn hydroxymethylenc acetone 

Owing to its insolubility, this diben/oyl compound piovides a useful 
means of testing for pyrone itself m dilute aqueous solution 

A siirulat opening of the pyrone ring is produced by the action of 
aniline acetate, when the dianihde of bis-hydroxymethylene-acclonc is 
foimed 2 


Salt Formation with Dimethyl-pyrone and Py> one, and the 

Teh avalency of Oxygen 

Dunclhyl-pyione (I), mp 132 0 and bp 248°, has been used by 
ColUe and Tickle 8 as the basis of an investigation into the tetiavalency 
of oxygen It may be piepaied by condensing the coppet salt of 

1 WillsUttter and Pummercr, Bcr > 1904, 87 , 3734, 3744, 88, 1165 9 W Borsche and 

Bonackor, Bet , 1921, 54, 2678 * Collie and Tickle, J C S t 1904, 85 , 971 
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acetoacetic ester with phosgene, and boiling the product so obtained 
with sulphuric or hydiochloric acid 1 

II 8 C CO—CH CO a C 2 H fi H 8 C CO—CH COjCjH a 

Cu f- Cl 2 CO-CO - >■ 

H a C CO—CH CO a C 2 H D PI 8 C CO—CH C0 2 C 2 H 8 


H 8 C C=CH 

/ I 


HO 

HO 



\ 

H„C C—CH 


H 8 C C=CH 

O CO I. 

ir 0 c C—ch 


In the lcsearch quoted above, Collie and Tickle showed that 
chmelhyl-pyi one fotms addition pioducts with a nutnbei of acids, such 
as C 7 II 8 0 2 ,HC 1 with hydiochloric acid, (C 7 II 8 0 2 ) 2 , H 2 PtCl 8 with hyclto- 
chloioplatinic acid, and (C 7 IT 8 0 2 ) 2 , C 4 I-I a O 0 with taitanc acid It will 
be seen that these all lesult fiom the dnect addition of acid, without 
loss of watei 

The stability and behavioiu of these compounds can be explained 
on the assumption of a tctiavalenl oxygen atom with basic piopertics 
It theiefoie appeals that oxygen can take the place of sulphur, 
phosphoius and nitrogen in bases, to form dcuvatives of a hypothetical 
base, which is known as oxomum hydroxide, II s O Oil, by analogy 
with the hypothetical bases NIIj Oil, PII 4 Oil, II 8 S Oil, II 2 I Oil 
Salts of this oxygen base aic known as oxonium salts 2 

In this connection it will be seen that dimcthyl-pyionc contains two 
oxygen atoms, leading to the possibility of citliei of the formulas la or I b 



n v ci 


CH„ C 
IIC 




1 F I'cist, Aim, 1890, 867, 253 Willst’ttter ami Pummercr, Bn , 1905, 88,1465 3 By 

turnup dimethyl-pyrono with v saturated solution of cupric chloride, A Wcrnci (Aim , rgoa, 
833, 312) obtained the compound C;tI 8 Oi, CiiCl„ 1 Ills lends suppoit to his hypothesis tint the 
formation of oxonium salts depends, not upon tlio tetiavnlency of oxygen, but on the presence 
of an unsatunted subsidtaiy valency in this element, the sntuintion of which may take 
place In a variety of wnyB In foi multc based on this conception the subsidiary valency is 
indicated by a dotted line, uldition products obtained from acids and an oxygen compound being 

R v 

represented by the foimuln }0 XII A rdsuml of recent work on oxonium compounds 

R/ 

will bo found in papers by J Kendall, j Am C A, 1917, 80 2303, and Knox ind Richards, 
/ C S, 1919, 116, 508 
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for dimethyl-pyi'one salts So far it has not been found possible to 
decide with certainty between these two types, although the stiuctuie 
lb seems the moie piobable Experience shows that the caibonyl 
oxygen possesses more free affinity than the oxygen of ether s 

An examination of the electncal conductivity of dimcthyl-pytone 
salts in aqueous solution indicates that they aic almost completely 
hydrolysed Dimethyl pyrone also unites with methyl sulphate to 
give an addition product, which on treatment with potassium iodide 
yields dimethyl-pyione methiodide, of the composition CH a I -p dimethyl 

pyrone 

Salts are also formed by the parent compound pyionc ( e hydro¬ 
chloride, picrate and oxalate), but in this case theie is a stiong 
tendency towaids the formation of moie complex salts. 1 Pyione 
combines, in addition, with moigatnc salts such as calcium chloudc, 
mercuric chloride and silvei niliale In this lespect it lesembles the 
ammo acids, in which Stieckei assumes that the caibonyl gi oxip binds 
the metallic radical, and the ammo gioup the acidic ladical of the salts 
This would point to the letravalcnt oxygen of pyione possessing both 
basic and acidic character and is in agicement with Walden’s assump¬ 
tion-based on conductivity expciiments—that dimcthyl-pyt one is an 
amfihotei tc elects olyte a 

The discovery of the salts of dimethyl-pyi one, and then foi mulation 
as oxomum salts, has stimulated reseaich into the question as to 
whether salt foimation is a piopctly of oxygen compounds in genera! 
Experimental tesulls obtained by Bacyci and Vilhgei 8 indicate that 
this is the case, and in lecenl ycais evidence has been sutp plied by 
other investigators confuming the existence of a gicat vaiicly of 
addition compounds, which are legalded as salts of letiavalent oxygen, 1 
(see pp 128, 151, 556) 

B0NZO- AND DIBBNZO-y-PYRONE 

The cyclic oxide chromane (foimula III below) may be lcgaidcd 
as the parent compound of a numbet of dcuvalivcs such, as the 
chromones and coumanns, containing the atomic fiamewoik (I) 
CJhromane has been prepared fiom the base Icltahycl 10-quinoline 8 



1 A Werner, Ann ^ 1903 823, 396 Willst'ltler nnd Pummerei, t 374° 

2 Bet , 1901, 34, 4185, 1902, 35, 17G |. 8 Bieyer mid Vdltger, Bet , 1901, 84, 2679 

4 See Knox and Richirds,/ C S , 1919, 116, 508, and J ICondall,/ Am C S , 1^17, S9, 2303 
B Bratm and Stomdorff, Bet , 190$, 88, 850 
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(see p 658) The nitiogen ring of the latter may be opened to give 
o-y-chloropiopyl-amhne, which by means of the diazo reaction can be 
converted into o-y-chloiopiopyl-phenol (II) In alkaline solution this 
is quantitatively tiansformed into chiomane 

Chiomanc is a stiongly tefi active liquid, which smells like 
pcppeimint and boils at 2x4° to 215 0 (749 mm press) It dissolves, 
m concent!ated sulphunc acid, giving a pink solution 

Fiom ben/o-pyi one, 01 chiomone, and dibenzo-pyione, or xanthone 
aie dcnved a number of naturally occulting yellow dyes, the coloui of 
which is due to the chiomophoie CO 


O-CH 

c 8 h/ || 

N:o—cn 

Chi omcme, 
benzo 7 pyi one 


C a IL 


C C»H 




x CO—CH 

FHvonCj 

(3 pheny! buiro 7 pyrone 



Xanthone, 
dibenzo 7 pyrone 


Cluomone can be synthesised fiom o hydioxy acetophenone and ovalic ester 1 
In the presence of sodium these react with one another to form o hychoxy-bcmoyl- 
pyiomtemic ester (I), which, on boiling: with alcoholic hydrochloric acid, loses 
a molecule of water and yields chiomone caiboxyhc acid (II ) The latter on 
distillation parts with carbon dioxide to foim cluomone This is a geneial method 
for the preparation of cluomones* 

/Oil CnILOOC i /Oil OC COOC 0 IJ 0 

c 0 n/ + 1 -> c 0 n/ I -»- 

\cocii 3 c E n t ooc \co-cn„ 

11 / O —c cooii 

C b PL< II -Chromono 

\CO—CII 


I he i c-iction desLiibcd on p 449, for the foiniation of couimim dcuvatives 
fiom phenols and ft ketome esteis, h is been adapted to the propaialioti of 
chiomones by modifying the conditions of condensation and using phosplioius 
pentoxide m place of sulphunc acid a 

Cluomone foims while needles, nip 59° When boiled with sodium cthoxide 
it decomposes into 0 hydioxy acetophenone and foinuc acid 

/O —CII /Oil 

C„Il/ II l alljO = C„II 4 <; h II COOII 

^co-cii \co—ciij 

Flavone, mp 99 0 lo xoo°, is piepaied in various ways, 8 eg, 
<?-hychoxy acetophenone condenses with benzaldchydc to give hydroxy- 
chalkone (III), which when acctylated and converted into the 
dibtomido yields flavone on subsequent treatment with alcoholic 
potash 

/Oil IIC C,,1I 6 III /OH IIC C fl II 6 

C„Il/ h || --> CJl/ || --> Flavone 

>CO CII 8 O NCO-CII 

J Kosiancclti and co woikors, Bet » 1901, B4, 2375 , 85, 859, 861, 2547, 2887 a PetscJiek 
and Simonia, Bet , 1913, 40, 2014 3 KosHneclu and co-workus, Bet , 1898, 8X, X757 j 1900, 

88, 330, 1904, 8% 2631 Ghosh,/ C S y 1916, 109, 105 
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In this manner Kostanecki has synthesised a number of yellow 
dye-stuffs occurring in nature, all of which are mordant dyes and m 
general contain two hydroxyls in the o position to one anothei 1 
Examples of this type are — 

Gbrysin, i 3 dthydrory flavone , a constituent of poplar buds 

liutdolin, 133' 4 * tetrahydroxy jlavonet C lfl H| 0 O 0 -b2lI 4 O, the dye of dyer's 
ioeed } Reseda luteoh With aluminium mordant it dyes yellow, and ts 
employed particularly foi silk 

Flsetin, 3 3' 4' trihydroxy flavonol, isomeiic with luteolin, and n hydiolysis 
product of the glucoside fuatin contained in young fustic 
Quercetin, 1 3 3' 4' tetnhydro'ty flavonol, Ci 6 II l0 O 7 , a hydiolytic pioduct of 
the glucoside quercitin, present in quercitron baik 

R-bamnetin, methyl quercetin, a hydiolysis pioduct of tlie glucoside xantUo- 
lhamin contained m Avignon beines and buckthorn beincs 
Morin, isomeric with queicetm, a constituent of the wood of Monts tmctona 
( <( fustic ,J ) Used m the foim of an extiacl, particulaily foi dyeing wool 

Finally we may mention apigenin, 2 or 1 3 ^^tnhydro'xy-Jlavoue^ 
obtained by the hydrolysis of the glucoside apun , which occius in 
parsley and to a smaller extent in celery 

Xanthone can be prepared by the elimination of watei fiom phenyl- 
salicylic acid The most interesting of its dcnvatives is euxanlhone 


/CO, 

C 0 h/ yC 0 IIj 
^ O x 

Xmthonc, 
mp 174°, bp 250* 


/ co \ 

no c fl ii a <^ ^>c 0 ii 8 on 

Euxantlionc, clihydroxy x inlhonc, 

bp 237° 


Eluxanthone 8 is piepared fiom the natuial dye-stuff pint i oi Indian 
yellow, in which it occurs fice and also in combination with glycuionic 
acid in the form of euxanthic acid The magnesium salt of euxanlhic 
acid is the chief constituent of the Indian yellow of commcicc, which 
is used as a painter's colour 

Euxanthone can be synthesised fiom hydioquinone-carboxylic acid 
and resorcinol, the reaction is a geneial one, and by condensing 
hydroxy-acids with polyhydne phenols numcious xanlhonc derivatives 

can be prepared Up to the piesent, howevei, these are without 
practical value 


1 Position isomcndcs tiro described m nccordanco with the following notation proposed by 
Kostanecki— 




C 0 II 




c B n„ 

on 


I> Invonol 


PJaVOllO 


5 ICostanecki, Ber , igoo, SS, 1988 Vongenchten, Ber , igoo, SO, 233 ^ Ann , igoi, SiSj iai 
3 For a synthesis, see Ullmann and Pmchaud, Ann , 1906, SBO, 10B 
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to Sal,S S, “’ d d °“ 

the latte, n coma. ng an 2 tX t f PP 497 * ? They only dlffer from 
piodticts by fuithe. addition of solt^of^3* ^he 0 xanthYl^r 1685 ’ yielcl , co ' oured 

b 11 To , even T, sn T ~L^ 

t, .a. v 1 , \7 *, P ° SSeSS the cllaracter of salts By analogy with the 

sjsrr tM a ~ fo '- ia “ d - -« . £ 

1 r /\ n i hi r o 

C “ IIi \/ CbII ‘ Go^iC/Go 11 ! CH a C 0 H, /\ C H 3 

c c X C10 4 

r /\ I _ \X 

fl ^ C 0 IT 6 _J L C H CH 

1 1 1 'V r “ lthyl ! um s ^ Us arc close] y relate( * to the beneopyrylium salts , occurring in 
the inthorynnidin colouiing matters of plants and beines (pp 785 et sea), and to 

tlie sunple Pytyltum j«//r 2 (III), which may be regarded as the parent compounds 
oi the whole group 


III 


\ 


CH 


C b H 4 ch 3 


CIO, 


V 

Pyudine Group 

Vyudinc and its deuvatives contain a ring composed of five caibon 
atoms and one mliogen atom Pyridine can therefore be derived from 
ben/uic by tcplacing a tuvalent Cll-group by an atom of nitrogen 
It is the p.uent compound of a numbei of vegetable alkaloids 



Bui/cne Pyridine 

The above formula, pioposed by Koiner in 1869, offers a 
satisfacloiy explanation of the chemical behaviour of pyudine and its 
del ivabvcs, and of the well-mai ked analogy between benzene and pyri¬ 
dine It has been confiimed by several syntheses of pyridine compounds 
As in the case of bcn/cnc, othet foimulae have also been put forward 
U he poshtbihlti ?t of tsomensm among derivatives of pyridine are 
gi eater than with benzene, since not only does the relative position 
of the constituents to one anothei entei into the question, but also 
then position with lcgaid to the nitrogen of the ring Isomerides aie 

1 l< Kclumnnn, Ann, 1910, 3 * 72 , 287 8 W Dilthey and co-workers, Bet-, 1923, 66, 

101a , 192.), 67 ,1653 Also O Diels mid K Alder, Bet , 1927, 60 , 716 
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usually described by the use of numbers or letters, as indicated in the 
above formulae Theory pi edicts the existence of thiee mono- 
substitution products, and six 01 twelve di-substitution products, 
according as the substituents are similai 01 dissimilar 

Prepaiatton> Properties and Uses of Pyndme —Pyndme and ceitain 
of its homologues are produced by the action of heat on coal, peat, 
wood and vaiious bituminous shales, and aie thus piesent in the tat 
obtained by the dry distillation of these substances They also occur 
m the unpleasant smelling product known as DippePs oil, formed by 
the dry distillation of bones fiom which the fat has not been exti acted 
As will be seen later, pyridine also results fiom various alkaloids by the 
action of heat 01 alkalis, ot by distillation with zinc dust at a ice! heat 
At piesent the chief souice of pyndine and its homologues is coal 
tar The fraction of the tar boiling between 8o° and 170° ( lf light oil/* 
see p 368) used for the production of benzol is also woiked up for 
pyndme bases, which aie present to the extent of several units pci cent 
The oil is washed with dilute sulphuiic acid in lead-lined vessels, and 
the bases are then libeiated fiom the acid solution by addition of lime, 
and purified by rectification The mixtme of pyudine bases so obtained 
is used industrially in denaturing spirits, and as a solvent in the 
purification of crude anthracene (see p 534) 

Pyndme is a colouiless liquid of unpleasant, penetiating smell, 
bp 114 5 0 and sp gr 10033 at o° It is miscible in all piopoitions 
with water, alcohol and ether, and foims salts with acids Among the 
latter, th ofetrocyamde and the peichloiate 1 aie difficultly soluble and 
aie used for the isolation and punfication of pyudine 

The outstanding featuie of pyndme is its gieat stability Chromic 
acid, potassium peimanganate and nitric acid do not attack it, and with 
sulphuuc acid it is only converted into a sulphonic denvativc at about 
300° Halogen substitution products are also only obtained with gieat 
difficulty, meicuration, on the othei hand, pioceeds icadily 7 X^yridine 
is a tertiary base, and when reduced with sodium and alcohol yields 
the secondary base, pipendine 

Pyridine eulphuiio anhydride is picpared as a ciystaUme compound by drawing 
carefully regulated currents of air, impregnated respectively with sulphur ti iodide 
(from waim oleum) and pyndme, into a hand shaped teceivei The product is 
used for the preparation of sulphuric esters of phenolic compounds, m place of the 
mixture of chlotosulphomc acid and pyndme pieviously employed It is much less 
sensitive to moisture than the usual sulphonatmg agents, and as a solid is more 
easily handled and weighed 

Syntheses of PyricUne and its Derivatives 

1 The simplest method of building up a pyndine nng is fiom 
aliphatic compounds of the general foimula 

x— ch 2 cii 2 cii 3 cii 2 CII a — nh 2 

1 Ber , 1936, J 39 , iofy 3 G, Sachs and R l 1 berhartinger, Ber , 1933, 66, 33 23 
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which may be conveited into pipendme by ring formation, and by 
subsequent oxidation yield pyudine Thus pentamethylene-diamine 
hydiochloude, on iapid heating, decomposes into ammonium chloride 
and pipendme Similarly, normal w-chloro- and &>-bromo-amylamme 
lose hyehogen halide on heating with alkali to give pipendme 
(I ..ulcnlnug) 


rri 


xii* ciii— nh 2 iici 
*\A r, tii*— nh 2 iici 


—nu 4 ci 
-^ 


xii a — ch, v 

Cll/ ">NH 

x ch 2 —ch/ 


Oxi¬ 

dation 


Pyridine 


c tij 


Cll B CIIj-Bi 


—HBr 


Pipuidme 

t 


H.II* C Uj—Nl-Ij 

ihese syntheses ptove the constitution of piperidine and pyridine 

2 A pyiogcmc synthesis of pyndine, analogous to that of benzene 
fiotn acetylene, occuts when acetylene and hydiogen cyanide are led 
thiough a tube heated to redness 

2C a II a 1- CNH = C 6 II 6 N 

3 I he foimation of pyiidme dcuvatives from those of pyrrole, by 
extension of the ring, has already been mentioned on p 568 

Compounds of the type of aldehyde-ammonia yield alkyl 
pyt alines when heated alone or mixed with aldehydes or ketones 


C II a t’lIONII a + 3CII a CHO - C b H 8 (CII s )(C 2 H b )N + 4 H a O 

5 A synthesis of genetal application is due to Hantzsch 
Aldehyde-ammonia unites with acetoacetic ester to foim dihydro- 
t olhdmc dica) bo \y/ic ester, which undei the influence of nitrous acid 
loses two hydiogen atoms and is transformed into 0ollidme-dicarhoxyhc 
cstii 1'iom this, by hydrolysis and elimination of caibon dioxide, 
collidine (i-tiimeLhyl-pyiidme) is obtained 1 


( Il a CO 


II Nil 


co cn 


COjR ( U 3 OCII 

GII 


( 


8 


Clio COoR 




CII 8 C—NH—C CH 


8 


CIL C—N—C CII 


II 


8 




CO.R C—C-C CO a R 


CO a R C— CH—C CO a R 

CH a 

Dihydro collidine dicuboxylic ester 

CH„ C—N=C CIT, 

n j 

HC—C—CPI 


8 


ch 8 

Collidine 


cn« 

Collidine tlicat boxy lie eater 

It may be assumed that in the first instance one molecule of 
aldehyde-ammonia (or aldehyde and ammonia) reacts with two 
molecules of acetoaceUc estei, to form an alkyhdene-acetoacetic ester 
and /'•1-aimno-ctoLomc cstci, and that these compounds then interact 

1 A Ilimt/adi, Ann ■ 1882, 816 , 1 Do , 1885, 18 , 2579 Compare 1U0 B Spath and 
G Hiiigu, I fowls, 1928, 48 , 265 
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with the production of a chhydro-pyndine denvative In confhmation 
of this, it has been shown that by working at low temperatuies, at 
which the formation of dihydro-pyridine derivatives is letarded, the 
piesence of alkylidene-acetoacetic ester can be proved 1 

The above reaction may be varied by using othei aldehydes in 
place of acetaldehyde, and othei I 3-diketones, such as acetyl-acetone 
or benzoyl-acetone, instead of the second molecule of acetoacetic ester 

In addition, other reactions have been developed which peimit a 
further extension of the above synthesis Among these aie the 
formation of dihydro-pyridine denvatives by condensing i 5-chketones 
with ammonia, and alkylidene-acetoacetic esters with /3-amino-ciotonic 
ester or ammonia derivatives of i 3-diketones Alkylidene-malomc 
esteis may also be employed in place of alkylidene-acetoacetic esters 
in the synthesis of pytidme compounds 1 

6 Pyridine denvativea can also be pieparcd fiom compounds of the 
pyione gioup by tieatmenl with ammonia, when the oxygen atom of 
the ring is leplaced by the NH-group (see p 631) 

7 The intramoleculai learrangement of the alkiodides, which has 
already been described 111 the case of aniline (p 380), pynole (p 570) 
and pyrazole (p 612), was observed by Ladcnbuig in the pyridine 
gioup, and offers a genetal means of converting pyiidme into its 
homologues As a tertiary base pyridine unites with alkyl iodides to 
foim the corresponding ammonium iodides When these aie heated 
undei pressuie the alkyl tadical migiates from nitrogen to a carbon 
atom of the nucleus, assuming either the a- or y-position with respect 
to mtiogen, but nevei the / 3 -positton 

Thus pyridine ethiodide yields the hydi iodide of ethyl pyudine 

IiC 
HC 

CII CII 

8 Ammonia in the piesence of acetic acid tenets with the oxymcthylene- 
derivative of methyl «ptopyl ketone to form 2 wptopyl-c, n butyryl pytidtne, 
CjUgfCallyXCO CallfJN Similarly, oxymetliylenc acetone yields 2 methyl 5 acetyl - 
fiyndtne, C B II s (CII B )(COCII 3 )N 2 

General Behaviour of Pyridine Derivatives—The piopeities of 
pyridine itself have aheady been briefly descubcd on p 638 The 
parent compound and its homologues are tertiary bases, which unite 
with one equivalent of an acid to foim salts, 8 and also combine with 
inorganic salts such as mercuric chloride, and the sulphates of copper, 

1 Knoevenagel, Be.) ,1903,86,2180 Rabo and Blllmann, Bet , 1900,88,3806 * E Bcmry, 

Bet , 1927, 00, 911 3 The metluodides and certain salts of pyridine and qiunollne exist m 

modifications of different colour The polychromism of these derivatives is ascribed to ohi'omo- 
lDomorlsm Ifantzsch and Hofmann, Bet , IQIl, 4 . 4 , 1776 Ifantzsch, tbid, p 1783 
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zinc and cadmium, to give double salts of the type C e II 6 N,HgCl 2 and 
(C e II 6 N) 2 , (HgCl 2 ) # As was indicated on p 6u,thc composition and 
behavioui of these addition compounds illustrate the sinnlaiity between 
the pyndme and pyi azole senes 

Pyndine and its deuvatives unite dnectly with sodium bisulphite 
The compounds so foimed icadily decompose with loss of ammonia 
and simultaneous opening of the 1 jng 1 

The stiong icsemblance between the pyndine and benzene senes is 
illustrated by the following facts Oxidising agents such as mine acid 
and chromic acid attack neithei benzene nor pyndine Peimanganate 
of potash convcits pyndine homologues into caiboxylic acids in the 
same mannei as benzene homologues, the side chain being oxidised 
while the pyndine ling lemains intact Fiom the constitution of 
the pyi ldine-caiboxylic acids so obtained, conclusions may be diawn 
as to the niimbci and position of the side chains oiiginally 
piesent Sulphunc acid conveits pyndine'and its homologues into 
sulphonic acids, although the action is slowei than with benzene 
The sulphonic gioup in these acids can be exchanged foi the 
hydtoxyl 01 cyano-gioup, by fusion with potash 01 potassium 
cyanide lcspcctivcly lho resulting hydioxy-pyndmes lesemblc the 
phenols in behavioui 

One notable difference between pyndine and benzene is that the 
pyndine ling can not be niliated unless it is fiist substituted by 
some gioup such as Oil or NII 2 Accoiding to Maickwald the 
resistance of pyndine to nitiation is due to the stiongly negative 
chaiactci of the nitrogen atom Thus substituents always assume the 
jQ-posilion in the nng, te the w^Az-positton to nitiogcn The negative 
chaiactei of the mitogen atom is also lcvealcd m the a- and y-chloio 
compounds of pyndine, the halogen of which is mobile, as in the o- and 
/-ehloi o-denvatives of mtiobcn/ene 

Ihe tcaclivily of the halogens in and y~chloio-pjnidinc<; is shown 
by the convcision of these compounds into ammopyudine r with 
ammonia, pytidpl-hpdfamines with hydia/ines, and meuaptaui with 
potassium hydiosulphidc A muio-pyi id Dies aic also foimed by the 
action of sodannde on pyndine and Us homologues i 

Ihe «“ and y-ntcthyl-pyndmes aic also unusually inactive Accoid¬ 
ing to cxpei lincntal conditions they eithci condense with aldehydes to 
fotm pioducls of the aldol type known as alhme\ % eg compound 1,01 
else vvaiet is eliminated and oxygen-ftee, unsalmated bases, such as 
«~jllyl-pyt id me (II), ate piodueed Ihe laltei aic gcneially tenned 
stilba&oles 8 As will be seen latei, the u-allyl-pyndine obtained by this 

1 II nitchcru' mil Suhoukel, lh> , 1908,^1,13 iG J 0 Su^lo, Bn , 19^ h 6 * 7 ( 79 1 8 Jncobnen 

and Reimcr, Iin , 1883, 10 , 1082, 2602 1 tuleiibiirg, Ann , 1898, 801 , 117 Among nromalic 

aldehydes it appears tint those Btibsmiited in the 0 position tend to yield alkmcs, whucia with 
w-subsUtidion the tendency is to the foimUioii of sulbiuolts Bacji, Bn , X 9 °i» 233 9 

2 fe 
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reaction is an intermediate pioduct in the synthesis of the alkaloid 
coniine Phthalic anhydnde and phlhahmide may also be employed 
in place of aldehydes in this condensation 



r 



N 

I /\ 


+ 0 CH CII. 


-> 


,—ClI, CIIOH CII 


N 



II 



CH CII CII 3 




On reducing pyridine bases with sodium and alcohol, six atoms of 
hydrogen are taken up with thefoimation of pipendine bases Moie 
energetic 1 eduction, by heating with hydiogen iodide, ruptuies the nng 
with the ptoduction of paraffins, eg pyiidine is conveited into pentane 


Homolog'ues of Pyridine 


The alkyl derivatives of pyndinc mentioned above aic found 
together with pyiidine itself in bone oil and coal tai 


Methyl pyildines or Ploolines, C fl HfN All thiee possible tsomerides are 
known They may be isolated from coa! tar, or synthesised by the methods 
quoted above 


N 


N 



1 

0 

tir -1 

\ 

_ / 


f \ 

k y 

u 

1 

0 

C* 

_ 

k / 


a PUjuttno* 

b p 129 On oxidation 
yields picoilnlc acid 


P Picolltio, 

bp 142 143 On oxidation 
yields nicotinic acid 


ch 3 

y Pkolina* 

b p 14 1 146 On oxidation 

yields iso nicotinic acid 


Imtidlnee, C t H 0 N Nine isomerides aie theoietically possible, thiee ethyl- 
pyridines and six dimethyl pyridines Of these, the three ethyl and five of the 
dimethyl denvatives are known a Ethylfiyudui^ bp 1845°, was obtained by 
the degradation of ti opine p Ethyl pyndme^ b p 166°, is formed by the decomposi 
tion of quinine and its degiadation pioducts 

Collidines, C s H n N No less than 22 isomeudes aie possible o Methylpt- 
ethylpyridine or aldekydtne , bp 178°, is fonned when aldehyde ammonia is heated 
m alcoholic solution a Ptopyl pyttdtne 01 conynne , bp 166 0 to 168 0 , is closely 
1 elated to the alkaloid coniine, from which it is fonned on distillation with same dust 
For eolhdme , see p 639 


Hydroxy- and Ammo pyridines 

Hydioxy-pyudines may be compated with amino-phenols, which 
they lesemble in yielding salts with bases as well as with acids 

The thiee hydroxy-pyndwes are high boiling substances which 
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ctystallise well They aie best ptepaied fiom the coiresponding 
caiboxylic acids by elimination of caibon dioxide, and are also fotmed 
by dncct hydioxylation 1 when pyridine vapour is led ovei powdcied 
potassium hydioxide at 300° to 320° A point of special intciest is 
the tauiomei tsm exhibited by «- and y-Jiych o\y-J>yi uimes Each of 
these icacts in two ways as a tine hydioxy-pyridine, containing a 
phenolic hydioxyt gioup, and as a pyrldone 2 ot ketonic dcuvative 
of a dihydio-pyndine 


N 


IIC/'VCOH) 


N 

IIC/\CIT 


IIC 


CII 


IIC 


NH 

iic/Nco 


CII 


CII C(OII) 

« IJydioxy miulmo 7 Ilydioxy-pyndine 


IIC 


NH 

IIC/^CH 


CH 


CII 

« Pyndone 


IIC 


CII 


\/ 

CO 

^ Pynttone 


Wheicas the fiee a~ and y-hydroxy-pyiidines have so fai only 
been isolated in one fonn, and it is still unccitain whcthei this cone- 
sponds to the hydioxy-pyiidine 01 the pyndone type, the alltyl ctheis 
of these compounds each exist in two foims of the constitution 
C 6 IIj(OE)N and C fi II, 0 (NR) tcspectively / 3 -IIydroxy-pyndine, on 
the othet hand, icacts only as a phenol and nevei accoiding to the 
pyndone type 

In tin dt- and tnhydioxy pyiidmcs the basic chaiactci is entnely 
lost Ihcse also show tautomensm of the above kind 

By analogy with the case of o-hydioxy-pyiidme, it would be 
expected that d-ainino-pynclme would give use to two senes of 
denvativcs, cotiesponding to the taulomcuc foims I and II, which 
may be dosenbed lespeclively as a ammo />yi tdinc and upytalonc- 
tnudt ; 


N 

II Nil 

Nir^ 

/\ Nil 


\J 


« Ainiin>-|>y rulim, « Pyrldone mode 


In actual piaclice alkyl denvativcs of both tautomenc fonns aic easily 
piepaied ' 

Pyridine-oarboxyllo Acids 

Caiboxylic acids of the pyiidme senes lestiU, as stated above, fiom 
Lhc oxidation of pyiidnie derivatives eontainmg oigantc side-chains 
Hence they ate fiequently obtained as degiadation pioclucts of vegetable 
alkaloids, and a knowledge' of then constitution is of gieat value in 

1 A P 1m liiladnbitiih, Ih> , 1923, GO, 1879 fl A P lsi-liitBclubabin mid co-norkeiB, 
lit/ , 1931, 07, 1158, 1925, <58, 2650 8 A E I udiiiuchiliibin and co workeis, Btt , *9 2 ‘l► 

67, 11O8 , 1927, 00, 1607 l 01 y amino pyridine, see I* Kocmga, Bet , 1921, 1179 
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investigating the stiuctiue of the lattci They ate solid cornp ou,1( K 
which possess both acidic and basic chainclci, although tlit^ b.tsu 
pioperties are not very evident in poly cai boxylic acids When hi «itul 
with lime, all these acids decompose into pyiichnc and cm bon dioxide 
A caiboxyl gioup in the a-position is paiticulmly icadily icmovcd, <uul 
a-acids also diffei fiom the olhus in giving a yellowish-ied coloi.ition 
with ferrous salts 

Pyudine mono-catboxylu acids, CJI^C OOII)N, have nlica.cty bet n 
mentioned on p 642 In pioolinio aoicl (sublimes at 134 0 to 1 3 ^") 
carboxyl gioup has been piovcd to occupy the n-posiUon, 1 a. ml ibis 
proof is one of the foundations upon which the absolute 01 ionLition 
of pyudine denvaltves has been built up NIootinio aoicl, oi pyinhiic 
/3 carboxylic acid (sublimes at 228° to 229°), has been obtmited by 
oxidation of vanous synlhctic pyudine compounds, as well .is of 
vegetable alkaloids (eg , nicotine, piloeaipinc, hydiastmc, barbenm) 
The constitution of this acid follows fiom its foimation by the tvcLion of 
heat on quinolinic acid Since the lattei is obtained by the oxidation 
of quinoline (see latci), it must contain its two caiboxyl gioujas ill the 
«- and /3-posilions Ihc acid pioduccd fiom quinolinic acnl by loss 
of one molecule of caibon dioxide must thcicfoic be an u- oi i\ /d-atul 
As the foimci stiuctuie has alieady been assigned to picolinu .uni, 
it follows that nicotinic acid must be the / 5 -compound Isoiilootinlo 
aoid, rap 309°, icsults fiom the oxidation of vauous y-suLaslitutc fl 
deuvatives of pyudine In this case the caiboxyl gioup must oitupy 
the y-posilton, since there aic only thice mono-caibox3dic .uids 
possible, and the u - and ^-compounds have been shown to b>c upio- 
sented by picolimc and nicotinic acids tcspcctivcly 

Ooramino, Cgll^CO NEl 2 )N, the diethylamide of pyi idinc.-/J-caj - 
boxylic acid, lcsembles camphor in many of its physiological pi opci ties 
In some respects its action is moic powciful than that of camphoi , e g , on 
the blood piessuie and tcspnalion, in its stimulating action on tlic. hoait 
and as an antidote to moiphinc Hence it is employed mcdrunuilly 11 
Each of the six possible pyudine dicarboxylu auds, C' 0 II 8 (C OOIl)iN, 
is known, and then constitutions have been established mainly by the 
lescaichcs of Ilant/sch and his co-woikcis 

Qutnollnlo aoicl, a P py> Ldim, dual boxylic and, is foimctl by tlio 0x1 c! ilion of 
quinoline, fiom which its constitution follows It miy bo piopared 111 voiy good 
yield by oxidising 8 hydiovy quinoline with cone nilnc aetd 3 

N N COOII 

Ay 

n/ncooii 

Quinolhm Quinolinic acid 

1 Sknup Tnd Cobenz], Jllomis , 4, 436 9 Thannhnusor and Fiitiscl^ C» 1924* IT, a 

3 E Sucinrda, Bet y 1925, 68j 1727 
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It melts fit 192°, with evolution of an bon dioude and conversion into nicotinic 

ncitl OlncUomoionto nold, § y pyridine duarboiyhc aad y is obtained as a degrade 

lion piocluct of vanous cinchona all aloids, such as quinine and cinchonine It 

melts at 258 to 259°, with evolution of caibon dioxide Sodium amalgam converts 

Jt uito the nttiogen fiec cimhontv actd>*\ icaction winch appears to be the reveise 

o Umt ctescubed on p 631, by which derivatives of pyrone pass into those of 
pyndine 


N 


O 


I 1 C 


IIC 


V N 

jOII 

s. 

n a c 

1 

\\ / 

c coon 

s 

oc 



CII 


c coon 

t Jnrliumnruiila nUd 


CII COOH 
CII COOH 

Ginoliouic aetd 


ImtlcUulo nold, a 7 fiyndutL dua> l>o \yhc acid, melting point 
Dlnlootlnlo nold, ji ft' „ ;| 

Isoolnoliomei onto nold, aft' ,, }J 

Diploolinta nold, a a'- ,, 


235 ° 

323 

236 to 237* 
226° 


J lie highci auds of this series cannot be dosenbed here It may, howevei, 
lie mentioned tli it pyiichnc. carboxylic acids give use to an interesting type of 
compound, the constitution of which resembles that of betaine (see pp 213 and 318), 
then methyl hydioxidcs aio unstable and immediately part with watei to fotm 


botalnoK 





1 ir, 


0,11,-00011 

CJL—CO 


1 

III 

III 

L 

(CII^N 

0 

ui ,—n - on 

CH,—N 

r- 0 

Hutfilmi 


Mnlliu ]iydio\ldo of 

Hebhjl botaino of 



jjyrldliifl curboxylio ooitl 

pyrirttna carboxylic acid 


Hydro-pyridine Derivatives 


DoiIvntlvoB of dthydio pyridine ate pioduced synthetically, as stated on p 639, 
by the action of ammonia on cliketo compounds 

On 1 educing pyndine and its dciivattvcs by means of sodium and 
alcohol, six atoms of hydmgcn are taken up and hexahydto-compounds 
pioducid, 1 ,|-diIiydiopyudinc being foimcd as an mtei mediate product 1 
1 he 1 eduction of pyndine with /inc dust and acetic anhydiide leads 
to the fm mation of NN'-ctiaoetyl-(teti i a,hydro yy'-dipyridyl) of foimula 
II below 11 ns is a crystalline compound, mp 124 0 to 125 0 , the 
ptoduction of which is explained by assuming that the reagents fiist 
■illack the nlliogen atom with the tempoiary foimation of the radical 
(I ), which by union with itself yields the dipyudyl derivative (II) 2 





CII—CII TT 

I Ul a CO N< 

NCII-CII 



CII=CII 


A II CIIv / lI H \ 

ir. co n< >c- 

\rir rr r/ ^\m. en 



N CO CH 


B 


1 H T) Slinw, / ( .S, 1925, 215 J 0 Dimrolh nnd co workers, Bet , 1921,54,2934, 
1933, 60,1323 
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PIPERIDINE 


Piperidine, hexahyclro-pyridino, 




Nil, was 


fiist 


prepared fiom the alkaloid pipeline, pre ■sent in peppu, by healing with 
alkali Its foimation by synthetic methods, and by the i eduction of 
pytidme (with sodium and alcohol 01 by eleetiolytic nu .ms), has 
alieady been mentioned in the foicgoing pages 1 It is <i eolouiliss 
liquid of pecuhai ammomacal smell, miscible in all piopoilions with 
water, alcohol, ether and benzene It boils at 105°, solidifies at — if, 
and is of sp gr o 88 at o° Whcteas pyudine is a weak lei tuny base 
of aromatic chaiacter, pipendinc is a stiong secondaiy base, tlu entiic 
behaviour of which classes it with the aliphatic amines 1 he 11111110- 


hydrogen atom of pipendmc may be teplaced by difftunl ladieals 
(alkyl, acyl, nitroso gioups, etc), and muncious dtnvalivcs have thus 
been prepared which cannot be desciibed hue On being heated at 
300° with concenti ated sulphunc acid, at 250" with iiitioben/ene 
or at 180 0 with stlvei acetate, pipeiidme becomes oxidised to 


pyridine 

Alkaloids derived from pipeiidme aie healed in a laid chaplet 

Tetiahydro-pytidine-yaldthyde and jnpeinhnc-yaldihydt have been 
prepared synthetically 2 

As has been shown by J v Biaun, alkylation of the call ion atoms 
stiengthens the stiuctuie of the pipeiidme ling Ihis (fftet Incomes 
appaient on the mtioduchon of a single methyl gioup ! 


Methods of Opening the Ptpendinc J\ } ini> 

A numbei of methods ate available foi luphmng the pipeiidnu 
ring, processes which ait in a sense a levcrsal of the syntheses desciibed 
on pp 638 et seq 

1 By Oudatton —Undei the influence of oxidising agents, such as 
hydtogen peioxtde, the pipeiidme ung is compaialivoly easily bioUtn 
between the mtiogen atom and an adjacent cat bon atom, with the 
foimation of ^-amino-valetaldehyde 1 

/Cii 2 —cii )V xir. (’Ef o 

CII 2 < “>NlIlO - ( If,< 

xn 2 —cii/ xrijj (’ii 2 Niij 

The opening of the ung is effected even moie lcadily by the action 
of potassium permanganate on N-acylatcd ptpendinc duivnlivcs In 
this way, benzoyl-pipcndinc, C 6 II 10 N(COC’ 0 II c ), yields bcn/oyl-tf-amino 
valenc acid On the othei hand, when N-alkyl pipuulincs aie 

1 For the prep-iritlow of chenuially pure piperidine, compile Voilumlct, Amt, Kjofi, 846 , 377 
3 A Wohl ind Losimtscli, Be> , 1907, 40 , 4685 a J v Bunin and I* /obtl, lit) , iyaf>, GO, 
1786 4 Wolffcnstem, Be> , 1892, 26 , 2777 On reduction with /me und liydrotlilmic wid, 

" ^ atcraldehyde is converted trick into piptndme 
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tieated with hychogen peioxidc they take up an oxygen atom to foim 


ilkyl-pipei icline oxides, 1 


. /Cir, 
CI-L<f 2 
a \CII 


CI-Ia yAlk 


2 __cii,/ n \o 

2 By Mcan r of Pkotfho)us Halide a —The woik of J v Biaun 2 has 
shown that acyl denvatives of piperidine aie veiy easily attacked by 
phosphoi us pentachloudc oi pentabromide Undei chosen conditions 
the resulting r S'^chloio pentane oi i 5-dibromo pentane is obtained 
in so good a yield that the icaction can be used as a means of 
piepaung these halogen compounds * 


II 2 C 



CII, CIIov 

>N COC„II r , 

cu 3 cir/ 

Benzoyl pipeiidme 


PP'e 

hm 


cir, cn, iV 

II 2 C< “ >N CBi 2 
CIL CII/ 



111termed! ite i lodiitt 


,ur, cir, ih 

IIjC< 

xii, cti 2 in 

I 5 Dibioino pentone 


1- NCC.,11 




Benzomlnlt 


3 By Jilt am of Cyanogen Jhomide —J v Biaun has also discoveicd 
that substitution pioducts of pipuidine, and othei cyclic tcitiaiy bases 

of the gencial type X<^>N R, nic disiuplcd by cyanogen biomklc 1 

accoiding to the following equation to give biominated eyanamides 

Bt XN(CN) B, 

R I BiCN Hi X n/ 

X CN 


piovided that the alkyl gioup R is not icinoved Horn the molecule 
Such a cyanamult denvative may unrltigo hydiolysis to a biominated 
sccondaiy amine, Bi X Nil R I his constitutes the simplest avail¬ 
able method of opening a i mg containing mitogen, and may also be 
employed with success in cases whcie (as with the aiomatic derivatives 
of pipeiidme) the following method (4) cannot be applied 

4 By Mcam oj /' i/taiis//ve JUt'i/iyltduw —A method of opening the 
pipeiidme img, with simultaneous loss of nitiogen, is by “exhaustive 
methylation’* lhis senes of leacttons, fust used by A W Hofmann 
in the ease of pipeiidme, was eonccfly inteipicted by Ladenbuig and 
lalu applied by othei investigntois to a huge numbci of cyclic bases 
(see p 578) It has bum Uu classical weapon of attack in delei mining 
the constitution of the majority of vegetable alkaloids, and may 

1 Auoilnth mid Wolffonalem, JUi , 1901, 84 , 2411 , 1911, 44 , iid| 9 Jin , 190), 8 * 7 , 
291S1 3210 n 1 ho nniitio and imino-chlondct (or bromides) winch miy ho produced duimg 
thin lciclion 1 innol be diauiiscil here 1 he above 1 5 dihulogcn compounds nre readily con 
veiled into the dicymo dtnvitivei, and by furihu itydiolysia into pinudic ncid Ibis provides 
1 convenient method of p]opnn»j <’t pnncllc and j v Drum, Bet , 1904, Sf, 35^8 * J v 

Urmn, JU> , 190/, 40 , 3914 , 1909, 4 a, 3219 , 1911, 14 , 1253 
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theiefore be treated m some detail The opuaLions aie as follows 
Pipeiidine, as a secondary base, can be methylated at the mliogon 
atom by means of methyl iodide The methyl pipeiidine so obtained 
unites with methyl iodide to foim dimethyl-pipeudinium iodide, and 
this by tieatmcnt with moist silvci oxide is convcilcd into dmulhyl- 
piperidinium hydioxide The lattci on diy distillation hunks tip into 
tvatei and a compound fiequently dcscnbed as dimclhyl-pipi'iiduu*, 1 
but conectly named A^pcntenyl-dimcthylaminc Hung a liiliaty 
base, this substance also unites with methyl iodide to loim a sub¬ 
stituted ammonium iodide, which when convcilcd as befoic Into 
the ammonium hydioxide and submitted to diy distillation yields 
tnmethylamme, water and a hydiocaibon, fl-mclhyl-buladicnc, of the 
formula C B H 8 (see p 115) 



Methyl piperidine 



CIIsj 

HnCl^NCII 
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CII, 
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cn 8 cir 3 on 

Dimethyl-pipcn 

dim urn bycu oxide 




A" 1 Pcnlcnyl* 
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ch 8 




CII 8 ch 3 cii 3 oh 


CII 

nc/Scii 


ILC 


CH« 


Pipoi ykne, 

« methyl butadiene 


N(CII a ) B I IIjO 


It has been mentioned on p 579 that the addition pioducl foimcd 
by A -penlenyl-dimethylaminc with hydiochlonc acid leadily isomeuscs 
into the methochlonde of 1 2-dimethyl-pynolidlne, thus foiming a 
connection between the pyndme and pynole senes 

5 By Reduction— When heated to 300° with hydi iodic acid, 
piperidine decomposes into ^-pentane and ammonia 


nl^rr r0Sefr0ra the tl 1 latIIof,nnnn JCff^rded ihe base na a homologuo of niporidmo 
Unfortunately Una mconect method of descnpUon haa amce come into uao for tho mune oi 

nlKtloids It Is desirable that the unsaturated amines ptoducod in this mnmici should bt. cJvcn 
names appiopnate to their constituUon, by means of which they may be distinguished froS tlio 
isomoi ic cyclic bases with whose names they have wrongly been associated 
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Quinoline, Isoqumoline and Acridine Gioup 


Quinoline is telated to pyndinc in the same manner as naphthalene 
to be n/enc, and may be looked upon as a /3 benzo-pyridine, or a 
naphthalene m which one Cll-gtoup m the a-position is replaced by a 
mitogen atom 


nc r n 

iic^VVh 

0 N 

»i(AvA]ci 

iic UJ cn 

IK.UI 

a 7 


III this senes the numbei of isomeric substitution pioducts is very 
ldipfc A glance at the foitnula foi quinoline teveals the fact that no 
two hythogen atoms ate similaily situated with tespect to the nitrogen 
atom I he position of substituents is best lcpiesented by making use 
of the above numbei nig as suggested by Richtci Substituents in the 
pytichno nucleus aie also ficquently indicated by means of the Greek 
leltcis «, /3, y, and m the bcn/cnc nucleus by the piefixes o-, m-, p-, 
and ana- 

Quluoltne is found m coal lat and bone oil, and is produced by 
distilling many alkaloids—pailiculaily the cinchona alkaloids—with 
potassium hydioxide It is a colomless, oily liquid which boils at 240°, 
solidifies at -195°, and is of sp gi 1 081° at o° It possesses a 
pocuhatly chaiacleiisUc smell, is almost insoluble in vvatei and dissolves 
i tvulily in alcohol, ethci and the majonty of 01 game solvents In 
thciUKul piopulies it 1 esembles pyndinc, and like the latter is a 
Uulnuy bast With aeids it unites to foirn salts, of which the 
l)ichiornate, (C # II 7 N),IIXi l! 0 „ is spaungly soluble 


Synthesis of Quinoline and its Derivatives 

Hie foi mula given above is confiimed by a number of syntheses 
uf quinoline, among which the following may be mentioned 

1 Ihc fust synthesis of quinoline was effected in 1879 by passing 
llio Vcipoui ol allyl-amlinc ovei lead oxide heated to lcdness (Komgs) 


Nil 
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CIIj 


Oil 
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CH, 

Allyl aniline 



MH„0 
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2 Picpaialtons of quinoline and of those derivatives substituted m 
the ben/cnc nucleus aic based almost exclusively on Shaitp's synt?ic±is 
This consists in heating; an aioinatic amino compound with glycerol 
and sLilphimc acid, in the piescncc of mlioben/cnc 01 aiscnic acid 1 
as oxidising agent Quinoline itself is obtained in this way by heating 
a imxliuc of aniline, glyceiol and tnliobcn/enc with conccntiated 
sulplumc acid 

1 he mechanism of the icaction is m all piobabihty as follows 
Undei the dchydiating influence of sulplumc acid, glyceiol is fiibt 
conveitcd into aciolein, this condenses with aniline to foim actolem- 
amline, which is then oxidised with the pioduction of a pyudine ting 

„ —all O , ( iiIIfNU t 

CIT # OII—CITOll—tlljOII-> < 11,-CJI-CIIO —— - i- 

Glytciol At i olein 

Oxidation 

CIV-CII—CII- NC fl IT ri -Quinolmo 

Atroltin imlmc 


Hus reaction has piovcd extiaouhnauly fnutful, since the place 
of aniline may be taken by its homologncs, halogen and mtio- 
subslilution pioducts, and also by amino-caiboxylic acids, amino- 
sulphomc acids and amino-phenols, thus enabling a gical vanety of 
qumolmc denvatives to be prepaiecl containing substituents in the 
benzene nucleus In addition, aniline may be tcplaced by naphthyl- 
amines, with the foimalion of naphlho-quinolincs, and by making 
use of diamines, two pyuchnc lings maybe linked on to the benzene 
nucleus, the compounds so obtained being known as plunanthiohnes 

The picpaiation of alizarin blue dcscnbcd on p 543, which was 
known befoie the discoveiy of Skiaup’s synthesis, is anothei example 
of this method of foimtng a quinoline dcuvalivc 

3 Phe qumaldme syntheses of Doebner and Millei a aie also based 
on Skiaup’s synthesis Quinaldinc (a-methyl qumolmc) was obtained 
by heating acetaldehyde (paraldehyde) with aniline and concenti ated 
sulphutic or hydtochlouc acid By using olhet aldehydes of the 
fotmula R CII a CI 10 m place of acetaldehyde, and othei aiomatic 
amines instead of aniline, it is possible to ptcpaic in this manner a 
great numboi of qumolmc denvatives The mechanism of the icaction 
has yet to be satisfactorily explained 

C a II B NII a haCHa Clio-^ C 9 II 0 (CII B )N I aII a O + n 2 

Qinn ildmc 

1 Sknup, Bet , i88i, 14 , 1002 Mona Is , 1880, 1, 3216 , 1881, 141 Bet , i8gC, SO, 7°3 

riio somcwhal \igorous renclion miy ic modified and the yield increased by the addition of 
boric acid and ferrous sulphate, F W Cohn, [At $ , 1080 , 3685 0 Bet , 1892, 25 , 3072, 

2864 , 1896, 20, 59, 1903, 80 , 4013 W Borsche, Bet , 1908, 41 , 388 \ 
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y-Methylqumohnc 01 lepidme 1 is pioduccd by the condensation 
of acetaldehyde with aniline in the piescncc of alumina at high 
tempei almes 

4 Anothei synthesis of gcncial application is that chscoveicd 
by Fnedlandei, 2 who obtained quinoline by condensing o atnmo- 
bcn/aldchydo with acetaldehyde 

/NIL O ( II /N=CH 

C., 11 / i | - fall/ | H 2 II 0 O 

X.II O II,( \cii=-cii 

Once again, the u-amino ben/aldehyde may be icplaced by its 
substitution pioducls, by 0-ammo-bcn/okctones 01 e-amino-bcn/oic 
acid, and in place of acetaldehyde othei compounds containing the 
gioup CII^ CO may be used, ic aldehydes, ketones, acetoacetic estet 
and malonic cstei 

Anthianilic acid condenses with bcn/oyl-acetic estci, foi example, 
accoiding to the equation 


.Nil, OC ( „IT, /N~C CJI, 

CHI/ I | - C 0 II^< 1 t alljO 

X O II,( COOEt \(.=-C COOEt 

on on 

1 Tljdioxy 2-phenyl- 
quinoline 3 CTiboxylu eetor 


i) Baeyei and Dieivsen picpaicd quinoline by the 1 eduction of 
o-niLi o-einnanuc aldehyde 


yNOre 

qii/ .Clio 

^CII CIK 


/NIL 

>c„u,< .ciio 

^CII CII/ 




N=CH 

I 

CH=CII 


This icaclion gives a clcai insight Into the constitution of quinoline, 
and affoids fuithei pi oof that it is an oilho-dcnvative of benzene 

0 Ilydiovy duivatives of quinoline may be synthesised fiom the 
pioducts fonned by the condensation of ft kelomc acids with aiomatic 
amities Ilj' the mtuaition of acetoacetic cstei and aniline, foi 
example, two diffmnl [noduels aie obtained accoiding as the icaclion 
ptocecds in the cold 01 at a model ate tempeialuic In the foimer 
case /•f-phenyl-ammo-ciolonic cstei (ami of acetoacetic cstei) is fonned 
and in the lattei the anilide of acetoacetic acid (Knoii) 

It lias been shown by Knon u that the anilide of acetoacetic acid 
loses watei on tu.itment with concenltaled sulphuiic acid and is 
eonveital into 2-hydioxy-4-melhyl-quinoline (lepidone) 


^-NII-CO _ IIl0 .N- ~ t(OII) 

| —c 0 ii/ \ ; 

oc(cn JI )~cii a N 'C(cn n )=-cir 

Amlidc of iccloncclu aid 2 Uydio\y ^ mctliyl qumolinc 

1 A I fsthitsclnbubin md M V Ojuunn, Jiti , 1927^ QQ t 1B73 a Bet , 1882 
1833 » 1892, 1753 a Ami , 69, 112 


{* IT 

oc{Ciy~ur a 

Amlitlc of aetoncclu aid 


C 0 II. 


Bet , 1882* 16 , 2572 t 
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When the anil of acetoacetic cstei is heated to 250° it yields 
2-m ethy l-4-hy et 1 oxy- qu mol 1 ne 


/N== C CH„ 

CflH/ I 

RO CO CII 2 

Ami of ncctoacetic ester 


—r on 

-> 


c 0 n 


n .- c cii 8 

C(OII)=CH 


a-Mctliyl [ hydioxy quinoline 


This leaction can also be earned out by using benzoyl-acctic estei, 
acetone chearboxyhe estei, and othei simiLu compounds m place of 
acetoacetic estei, and with homologues of aniline and also phcnylcne 
diamine as substitutes foi aniline 

7 A simple synthesis of 2 4-dihydioxy-quinolines consists in 
heating alkylated and aiylatcd malomc esteis with aiomatic amines 1 
Thus phenyl-malomc estei and aniline yield 3-phcnyl-2 4-dihydioxy- 
qutnoline 



NH, 



CO OC 2 II r , 
\cil C 0 II ft 

co oc.n B 
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Pf opei ties of Quinoline 

Quinoline and its homologues aic liquids of chaiacleustic odour, 
spanngly soluble in walei,but dissolving leadily in alcohol and ethei 
Being substituted derivatives of pyiidme, thej^ lesemble the latter 
closely in chemical behavioui 

A point of consideiable impottance is the behaviour of quinoline on 
oxidation, 2 as this has piovided valuable confiimation of the structure 
deduced fiom synthesis (see above) When quinoline is oxidised by 
potassium peimanganate it yields quinolinic acid togethei with oxalic 
acid 

IIOOO N 

y\ 

IIOOC 

Quinolinic tcIcI 

Whilst the syntheses alieady quoted indicate that quinoline is an 
oitho-disubslituted derivative of benzene, this dcgiadation shows it to 
be a 2 3-disubstitution pioduct of pyndme, thus completing the pi oof 
of the quinoline foimula 

Similarly, in the homologues of quinoline the benzene nucleus is 
less stable to oxidation with peimanganate than the pyndme nucleus, 

1 1 * Baumgartcn and W Kltigel, Bn , 1927, SO, 832 3 For the degiadntion of quinoline 

by reduction, see II Erode, Ann ,1912, 801 , 88 
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and pyiidme caiboxylic acids ate again fotmed On the othei hand, 
oxidation with chiomic acid in sulphunc acid solution attacks the 
side chain, leaving the quinoline nucleus intact and yielding quinoline 
cai boxyhc acids 

Quinoline, like pyndine, is not easily nitiated The fiist pioducts 
to be foimed aic 5- and 8 ~utti o-quuiohtteSf which on furthci nitiation 
yield 5 7 ~ u.tid 6 ^-dtnt(}o~qtit>iohtisi^ The sulphonation of quinoline, 
111 the same tnannci, leads only to substitution in the benzene nucleus 
Sulphonic acids, in which the sulphomc gioup is attached to the 
pyndine ling, <ue obtained by oxidation of thio-quinolincs with nitric 
acid, 01 fiom quinolines containing chlonnc in the pyndine nucleus, 
by double decomposition with alkali sulphite 8 As with the chloro- 
pyiidmcs (p 641), only the chlonnc atoms in the 2- and 4 positions in 
chloio-qumohnes can be exchanged foi basic ladicals 

The 2- and 4-homologucs of quinoline behave towaids aldehydes 
in the same man net as those of pyndine (sec pp 641 et uq) 

As will be clcscnbcd in moic detail undci the hydioquinolines, 
hychogen vciy icaclily adds on to the pyndine nucleus of quinoline 

Only a few of the laigc numbci of quinoline denvatives known can 
be tiealed hue Ceitain of these compounds aie used in medicine or 
as dye-stuffs 

Homologues of Quinoline 

All of the seven thcoictioally possible mclhyl-quinolincs aie known 
Hie foui of these containing the methyl gioup in the bcn/enc nucleus 
ai e genei ally let med tola quinolines 

QuinoMlno, 2 -mc(hyl~qtn)iohi)e> C 0 II u (CII a )N, is found with quinoline 
in coal lai,and can be piepaicd synthetically by the foregoing methods 
It boils at 247" 

I he sodium salt of qumaldinc disulphomc acid is the dye-stuff 
quinoline yellow I his dyes a vciy putc and fast yellow, but owing 
to the high puce its use is limited 

Lopkline, 4 -methyl-quinoline^ bp 257“, is also piescnt in coal tar and 
was isolated by Williams fiom the pioduct obLamcd on distilling 
cinchonine with caustic potash 0Methoxylepidme, rap 50° to 52°, 
was obtained fiom quinine by ticalment with potassium hydioxide 
(Komgs), and is foimed synthetically by the condensation of/-amsidme 
with acetone and mcthylal 3 

When a inixtiue of the lodo-alkyl denvatives of qmnolmc and 
quinaklmc (01 lepidme) is ticatcd with alkali, thcie ate foimed 
cyanines, 1 sliongly basic substances which dye a blue coloui Owing 

1 Kiufmnnn anil IIllHty, Btt , 1 tjo8, 41 , 1785 J Ilcsthorn and Geisselbrccht, Btr i 1920, 
68, 1017 J A PiLtelimd Misncr, Bn , 1912, 46 , 1800 * l*or iho constitution of ihe^ie, 

seo Miotho and Hook, Bn , 1901, 87 , 2008, 2821 A Kcinlg, / pi Ch (2), 1906, 78 , 100 
VoiigcnUucn and Ilofclien, Bn , 1908, 41 , 3051 Mills and Bnunholl?,/ C S, 1923,128, 
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to then sensitiveness towaids acids and light they cannot be employed 
as dye-stuffs, but aie nevcithclcss of gicat value in photochcmisliy, 
particularly in coloui phologiaphy Cyanine oi caibocyamuc dye a aie 
best prepaied accoiding to llama, 1 by condensing the quntciimiy salts 
containing leactivc methyl gioups with ethyl oithofoimatc in the 
piesence of pyridine The icaction may be lllustiatcd by the picpaid- 
tion ofpinaoyanol, i \‘-diethyl 2 2 -cctihoevamne bolide y fiom qninaldinc 

eth iodide 
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CII 3 H CII(OC 2 II b ) 


-> 


u 



N 

/\ 

I C 2 II 8 
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/\ 

I C ,II B 
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Pinacyanol is one of the most impoilanl photogiaphic scnsitiscts 

Mavaniline, z-aminophenyl-^-methyl-qmnolnu , may be pioduced by 
heating acetanilide with /me chlonde, oi by the condensation of 
equimolcculai piopoitions of o- and p~ amino -acetophenones Its 
monacid salts aie beautiful yellow dyes, which dye wool and silk puic 
shades of yellow 


Hydroxy quinolines 

The hydioxy deuvalivcs of quinoline possess the basic chaiaclci 
of quinoline as well as the acidic chaiactei of phenol 

Among compounds containing the hydioxy gioup attached to Lhc 
benzene nucleus, loretine, y-todo-Z-hydi oxy-quinolinc-^-mlphonie acid y 
C a III(OH)(SO a H) C,II 3 N, is used as a substitute foi lodofoim 

The methyl cthei of 6~hydro\,y qumolme has been known foi a 
considerable time, and was fiist obtained by fusing the alkaloid 
quinine with caustic potash It may be piepaied synthetically by 
Skiaup’s method fiom /-anuno-anisole, in the following manner — 
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6 M ethoxy quinoline 


I alU) 



Hydioxy-quinohncs containing the hydioxyl gioup in the 2- oi 
4-position of the pyndine nucleus exhibit the same peculiat Lautomciism 
as the hydioxy-pyudincs (see p 642) I hey leact in the hychoxylic 
form as tiue hydioxy quinolines, and also in the ketome foim as 
lolones It has not yet been decided which stiuctuie icpicsenls 

1 Miss P M Ilamor* [ C & t 102% 2696 , 1928 , 1472 
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the * ree compounds On the othei hand, the etheis e\ist in both 
mod i fica.t t o ng 


C.IL 



c 0 n t 



N==C OH 

cri—cn 

N=C OR 
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/Nil 
Cell/ 
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C'U bostynl 


CH—CH 

2 Alko\y quinolines 
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CH=CII 
NR—CO 


CH=CH 

I Alkyl 2 quinolono 

0t&& v bo8t>yril, 2-hydioxj-qinnohne, is obtained synthetically by the 
methods dcscnbcd on p 651, eg by the 1 eduction of 0-nitio-cinnamic 
acid, d by heating tf-ammo-cinnamic acid 1 (piepaied fiom the 0-chloio~ 

Hence it is to be icgaided as an xnnei anhydnde (lactam or 
laclim) of o- ami no-cinnamic acid 

/Nil, cooii 

CJI / 


<u 1 < n 
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n==c on 
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cn=cn 


Coll, 
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\cn=cii 

C irbtvitjril 


It can be prcpaicd fiom quinoline by wanning with a solution 
of bJcnichnig powdci It ciyslalhscs with 1 mol IT 3 0 , and when 
anliydious melts at 201° With acids and alkalis it foims salts which 
aie decomposed by walci 

I£yxvui’lne, t\-hyd>oxy-qnviohnc, is founed by heating kynuicmc acid 
(mco p S 93 X 01 by the oxidation of cinchonine It melts at 201°, and on 
lituUncnL with phosphoius pentachloudc yields 4-chloio-quinohne 

4 -Qulmxldono, -hvdto\y-2-mcthylqmnolute, is obtained fiom the 
anil of ncetoacetic estei (see pp 652), and gives two isomciic methyl 
elhci s, 1 y-quinaldim\ bp 298°, and i-mcthyl-^ qnmnldone (I) 

It is woilhy of emphasis that these two etheis yield one and the same 
mi'Llnodielc* with methyl iodide 1 he fust compound adds the alkyl 
halide not malty to the mitogen atom, the second, on the oLhci hand, 
unites with imtlijl iodide by 1 5-addition, m the same mannci as 

anlipyimo (see ji 618 <t seg), to foim the melhiodidc of 4-methoxy- 
<|iun.ildinc (II) Ihis melhiodidc shows a gieat lesemblance to the 
/niV/r/fi-mcthiodido of antipyiine, and is easily conveiLcd mto the 
onginal mcthyl-quinaldone by fusion 01 lieatmcnt with aqueous alkali® 
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In this way it is theiefoie possible to convetl 4-mclhoxy-quinaldmc 
into i-methyl-4-qmnaldone The leanangcmcnt of bonds which occius 
during the change is similar to that accompanying the isomerisation of 
the desmoti opic foims of a tautotncnc substance 

Ben/oyl chlonde also combines with methyl quinaldone in the 
same mannei as methyl iodide The addition pioduct is decomposed 
into its components instantaneously by aqueous alkali, and giadually 
by the action of cold watci 01 boiling alcohol 

Quinolyl Ketones 

Qn/mltnc-ft-aldehyde , which strongly lescmblcs ben/aldchydc in 
piopcilies, leads with oigano-magncsium halides to foitn 'b-quinolyi- 
taibmols lhcse, on oxidation with potassium bichi ornate and 
sulphuuc acid, pass into the couesponding %-quinolyl ketones l 

A pioductive method of picpaung *\-qianoly/-Kclones lies in the 
action of oigano-magncsium halides on cstus and mtulcs of qmnolinc- 
carboxylic acids, 2 eq 4-qumohne-caibo\ylir cstus on licatment with 
ethyl magnesium iodide yield, among othei pioducts, 4- qtunolyl-elhyi- 
L done 

NC„1I 0 GOOR --> N(J 0 TI„ CO C 2 ll f , 

I he <!)-qumolyl-kUones beat a distant sUueluial lesemblancc to the 
cinchona tounes, which ate degiadation pioducts of the cinchona 
alkaloids They may be conveilcd into ammo-alcohols which aie 
1 elated to these alkaloids 

Quinoline Carboxylic Adds 

All of the caiboxylic acids couesponding to the seven methyl 
quinolines aie known Ihose containing the caihoxyl gioup in the 
ben/enc nng maybe picpaied fiom ammo-buvoie acids by Skiaup’s 
synthesis 

Among quinoline caiboxylic acids eonlainmg tin caihoxyl gioup 
in the pyndmc nng, tlu following may lie nuutimud - 

Qitiuolinc-Z-aubo 1 ylu and, quinaldinio aoicl, usuits fiom the 
oxidation of qumaldine with chiomie aud Lhe hyihatul acid (2ll a O) 
melts at isG’ A convenient method of picpaung quinaldmic aeul in 
good yield consists in heating quinaldine with foimaldehyde, and 
oxidising the methyloi-compound so obtained with ntUic acid ’ 

Qiiinohnc~i\-ca>binyhc aud t oinohoniulo aoicl, lias been isolated horn 
the pioducts obtained on oxidising the alkaloid cinchonine with 
potassium pcimanganalc, mine acid 01 chtoinic aud, and is also 
foimcd by the oxidation of othei cinchona alkaloids It melts at 254° 

* Jlow 1 17 anil Knpke, Ami, 1913, 800 , 38 B A Knufmmn nul co workci- 1 !, lit) , 1913, 
40 , 57 Itabo nul P tstennek, 1 M, 1026 1 KlJmgs, lit) , 1899, 88, 223 lleathom and 

Ibole, Ha , 1906, 80 , 2329 
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a-Pheuyl-quinohnc-y-cai bo^yltc acid , atopliane, is used as a lemedy 
in ailhutic diseases owing to its powei of lemoving unc acid fiom the 
system It is obtained fiom isatic acid and acetophenone 


COOTI 
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\/\ 

NIL 
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CO 0,11,, 
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COOII 

\/\^ c ° HC 
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1 he examination of alaige numbei of atophane duivativcs 1 shows 
that the sliuctuic tcquisitc foi the above physiological action is a 
quinoline nucleus with an aryl group m position 2 and a caiboxyl m 
position 3 or 4 

G-Mcthoxy-qiunohnc -4 cmIwxyhc acid y quinimo aolcl, 2 is a melho\y~ 
duivativc of cinchoninic acid It was obtained by Skiaup by oxidising 
the alkaloid quinine with chiomic acid The constitution of quinimc 
acid is shown by its conveision into pyndine-2 3 4-tiicalboxylic 
acid on oxidation with potassium peimanganale, and by the foimation 
of G-hydioxy-quinolinc when it is ticated with hydiochloiic acid and 
distilled It is pioducod synthetically by condensing /-anisidine 
with mcthylal and pyioiacenuc cstei, and hydiolysmg the cslci 
so founed 8 It ctyslalhscs in pnsms, which melt at 280° with 
decomposition 

4 -Ilydi 0 \y-qiunolinc- bo\y/ic aud y Icynui’ouio acid, occuis in the 

111 me of dogs, m which, as has been shown by Ellingci, it onginatcs 
fiom tiyptophanc (p 593) It docs not appeal to be foimcd in the 
human system I he constitution of the acid has been confiimed by 
synthesis 1 


Hydroquinolinos 

Ilydiogen teadily adds on to quinoline and its dcnvativcs 
1 icatincnt with /inc and hydiochloiic acid, 01 sodium and alcohol, 
leads to foul atoms of hydiogen bang taken up by the pyiidinc 
nucleus with the foimation of tettaftydto-qutnohnes These possess the 
piopeities of secondaiy fatly-aiomatic amines 

,CII CII 

1 2-Dlhydro-quinoline, C (1 III , bp 226°, is obtained 

N NII CII, 

synthetically 6 by heating 0-tohudinc with chloio- 01 biomo-acctal in a 

1 J v nin mtl I JJi inns, Ihi » I937» 00, J3$3 J Una compound is very often icfcrrcd 
to tiB qnmit icitl J lu mine qinniiitr acid, however, emphasises the icHtionbhip lo cinchonmic 
acul and ivoids confuaion \slth totnhyihoxy4icx ihydjo heivoic it id, tshich is found a&socutcd 
with qmnme in natinc uul is also known is qinmc acul (beo p ^63) 3 A PiclU tnd Milner, 

Be* , 1912, 4 ( 3 , 1800 Compmc aho A Kimfmann, Btt , 1922, G 5 , 6rt 1 I 1 Sp 1th, ft/omtis , 
1931, 42, f?9 G R ith, Bet , 1921, 6 % 550 
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sealed tube to temperatuies above 200° It is a colouiless liquid which 
giadually turns yellow in an 

,NH —CH 0 

Tetrahydro quinoline, C 0 II,< I , bp 245°, is a liquid at 

X,H a —CH a 

ordinaiy temperatuies Oxidising agents convert it into quinoline In 
its gcneial bthavioui it shows a gicat lcscmblance to methylamlinc 
As indicated on p 634, teUahydro-quinoline may be li ansfonned by 
various intcj mediate stages into chfomane 11m senes of leactions 
leprcscnls the leplaccment of the imino-gtoup of Ulia-hydio-qmnahne 
by an oxygen atom 

%-IIydio\y-i-methyl-tet)ahydto-qinuohne ) G 0 II u (On)N CII,,, kairine, 
and 6 -metho\y-tctiahyd)0 quinaliMy CpII^OCII^NII, tlialline, have 
been employed medicinally as febnfuges in the foim of then 
salts 

Undci the influence of vciy eneigctic 1 educing agents, such as 
hydiiodic acid and phosphoius at high lempeiatuies, quinoline 01 the 
tetiahydio compound can be convcited into liexahyd.ro quinoline 
(lip 226° under 720 mm) and finally deoaliydro quinoline 

CII,—CII,—CII—Nil—( II, 

I I I 

cii,—ciij— cii— frig — t ii, 

Xhc lattei ciyslalliscs m needles, mp 48 5 0 , and bods at 204° It 
is a strong sccondaiy base, and in its chemical nalutc may be icgaidcd 
as the pipuidmc of the quinoline gioup 

Ihus, foi example, its ben/oyl derivative on oxidaLion undci goes 
fission in exactly the same way as bcn/oyl-pipcudnic 
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as the pyuclniG ring can be fused with a bcn/cnc nucleus to give quinoline 
\ho be condensed with naphthalene, anthuia.no, «uul olbci nuclai, by 
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making use of lnphthylammcs, nntlu'imincs, etc, in the Sktaup synthesis In 
this mannci tlieie aie formed condensed quinolines , such as a and p naphfcho 
quinoline, anthiaquinoline, and so on 


isoquinolin: 



Isoqmnoline, like quinoline, tepresenis the fusion of a pyndine ung 
with a benzene img In this case, howevei, the union is not in the 
aj$“ but in the /3y-position of the pyitdtne nucleus, as will be seen fiom 
the following foimula 


IIC r CII 

iic^^N/Sn 


IIC 


IIC c CII 

Iaoqiunolmc 


CII 


Isoqmnoline may thciefoie be consideicd as naphthalene m which 
one of the Cll-gioups in the ^-position has been leplaced by a 
mitogen atom 

I his constitution has been confiuned by the degradation of 
isoqmnoline and its deuvatives, as well as by synthesis 

By the oxidation of isoqmnoline with potassium pennanganate the 
ben/ene ling and the pyndine ung aie both attacked, and a mivtuic 
of phthalic acid and unchomoiomc acid is obtained 
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Cmcliomevonic acid 


Among syntheses pioving the sliucLuic of lsoquinohne and its 
derivatives, the following may be mentioned 

i Bui/ylammo-acetaldchyde (I), and also beiuyhdcne-ammo- 
acclal, CJT r ,t II N CII,, C Il(OCJI fi ),, lendily pass into isoqmnoline 
under the innuencc of fuming sulphmic acid 
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y CH a —Nil 

Coll/ I 

OllC—CIIg 
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—>- C fl II 



CII—N 
CII==CII 


2 A useful synthetic method of picpanng isoqmnoline, which 
stalls fiom homophthalic acid, is due to Gabnel (1886) Ammonium 
homophlhalatc on distillation yields homophthahnnde (II), this when 
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heated with phosphoius oxychloride is convcited into dichloio-isoqmno- 
hne (lit), fiom which by 1 eduction with hydriodic acid and phosphorus 
is obtained isoqiunoline 



C a H 



CO—Nil 
CH n —CO 
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CCL=N 

CII—CC1 
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CII=N 

cii=cii 


3 Isoquinohne may also be produced by passing the vapour of 
bcnpylidene-etlivl-amine thiough a tube heated to redness 1 



CII — N 
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CII 3 —CII 2 





CII -N 
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4 Acyl denvalivcs of &> phenyl - ethylamine can be condensed 
to derivatives of dthydro-isoqmnolinc, eg by use of phosphorus 
pcntachlondo ot oxychloudc 2 


11 CO—Nil 
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Of the numetous syntheses effected in this way, one of the most 
important is that of hydiastimne (see hitei) Ihis synthesis also 
thiovvs some light on the origin of isoqutnoline complexes in plants 
S An mleiesting synthesis of lsoquinolmc is by anhydude foi illa¬ 
tion fiom cinnamic aldoximc, on wanning with P a O B Hus icaclton 
is piobably analogous to the Beckmann liansfot malion, the phenyl- 
vmyl gioup (C 0 II c CII CII) and the liydioxyl i ad leal fiisl changing 
places, and watei subsequently being libeiuted <l 


c n ii, cii cii cii no- cri (' n Ti, cn 

II || -->| || H 11,0 

no -N c„ll r . CII CII N CII CII N 


Isoquiuolino is found m small amounts with quinoline in coal tai, 
and can be sepmalcd fiom the lattei by taking advantage of the low 
solubility of its sulphate It is a coloiulcss liquid, m p 23° and 
bp ?40 ft , which in smell and olhci piopcitics sliongly resembles 
quinoline 

It 1, of importance on account of the fact that certain well-known 
vegetable alkaloids, such as papaverine, laudanosino, natcohne and 
hydinstme, aie derived fiom it In the dcscnption of these substances 
given later, a numbci of lsoquinolmc denvatives obtained from them 
by clegtadation will also be met with 

1 Pictet niul Popovicl, Bet , 1R92, 86, 733 11 A Pictet nwl Kay, Bn , 1909, 48, 1973 

Pirtct and bpcnglcr, JJe> , 1911, 44, 2030 II Deckel and co workcra, Ann , IQ1 3» SOB, 299 
8 Ihmborger and GoPlschmidl, Bn , 189), 8*7,195U1 2 705 
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Aoridlne Group 


Aoridine is a dibenzo-pyiidine, and stands to quinoline in the same 
relationship as anthracene to naphthalene It may be regarded as 
anthracene in which one of the central CH gioups is replaced by N 1 
Acridine occurs in the ciude anthracene of coal 
tai, and is the parent substance of various dye¬ 
stuffs of indiistiial value It ctyslalhses in colourless 
needles, which sublime easily and melt at ilo° 

In solution it has a blue fluoiescence, a pioperty 
pecuhai to all the aciidine bases This fluoiescence 
is paiticulaily pionounced in elhcieal solution 

The aciidines aie weakei bases than the pyridmes ot quinolines, 
and die maikcd by then gicat stability 

'Ihey ate founed synthetically by vauous methods, eg 
i By the action of zinc chlonde on acyl denvatives of diphenyl- 
amine 1 hus foi myl-diphcnylaminc, on heating with ?inc chloride, 
yields aciidine (Ucinthscn) 
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2 o-Amino-diphenylmcthane is converted into acridine on oxida¬ 
tion , 8 and ammonia can be eliminated fiom o-diamino-diphenylmelhane 
and 0-diamino-liiphcnylincthanc with the foimation of hydro aciidines 
Totia-dmino-diphenyl-mcthane yields 3 6 dmunno-aciidme 8 0-Nitta- 
ciiphuiylmothanc at high tempciatuic (300°) passes into §-acndonc^ 
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Ichahydio aendmes lesult fiom the condensation of aiomatic 
u-ammo-aldehydes (01 f)-amino-kUones) with hydioaiomatic ketones® 
containing the gioup (’II„C O 

The constitution of aciidine follows fiom these syntheses, and is 
fuilhu confuincd by the foimation of quinoline-2 3-dicatboxylic acid, 


1 l<m (aniLiiulloii, flee K v Aimen uwl R Kiiuil, Be> , 1925,138, 543 1 O E‘ischcr and 

Sdilute, Bet , 1893, 20, 2083 I or syntheses of mfthihaet uluses, cf l> Ullmnin and co-workeis, 
lies , 1900, 08, 905 , 1903, 80, 1027 » 87, 292a , 80, 298, 356 I'or the formation of destvalms 
of 10 p!ust)l nctultsie, see !• Mayer and 1* round, Bet , 1922, 68, 2049 3 1 Benda, Bet , 1912, 

46, 178/ ‘ A Khof'l, Bet , 1909,42, 591, * Boise lie and co workeis, Ber, 1908, 41, 2203 

2 12 



662 


ACRIDINE GROUP 


known as acnchnic acid, when acndine is oxidised with potassium 

peimanganate 



,CII—G COOII 

-> 0,11 / | 

X N—C COOII 


By the entrance of aminogioups (auxorhiomes) into the acndine 
molecule it acqunes the piopeitics of a dye, the pyudme ung 
functioning as the chiomophoic gioup Ihe lcsullmg dye-stuffs 
genet ally contain the amino-gioups in positions 3 and 6 

6 g-Diamtno-acndine and its substitution ptoducts aic theia- 
peutically active against sticptococci The highest activity m this 
sense is shown by 2-clhoxy-6 9-diamino-aci ldme, the hydiochlonde 
of which is employed undet the name of “ Rivanol " 1 

Acridine yellow, 2 7- dimethyl -3 (>~dtamino-acndtnc, is picpnied by 
condensing w-tolylcne-diamine with foi malelehydc, wheicby tetiamino 
ditolylmelhane is fiist pioduccd On being heated with hydiochlouc 
acid, this loses ammonia and foims 2 7-dimelhyi-3 G-diammo- 
hydroactidine (sec above), which on oxidation yields the dye-stuff 
Acridine yellow gives beautiful fluoicscenl colouungs, paiticulaily on 
silk, but these are not very fast to light 

CJI, 

Iuom phmylacndme , C 0 II.< ^CoIL, deuved the ben/o- 
flavines and chiysamlincs 

Benaoflavine, 3 6 diamuo phcnylaa tdvie, is obtained in a similar 
mannet to acndine yellow by the condensation of bon/aldehyde (in 
place of formaldehyde) with w-phenylene diamine llic commcicial 
pioducl appears to be picpaied fiom 7w-tolylcnc diamine and, with the 
aid of tannin, dyes cotton, wool and silk a fine yellow coloui 
Ohrysaniline, ms-^ aminoptwuyl-'i-amivo-acndinc , 

C fllljNII, 

c f) rr,< iVji, Nrr„ 

is formed as a hy-pioduct m the picpaiation of fuchsme Its con¬ 
stitution has been established by O Ihschci and Koinci, by synthetic 
and analytical methods I’cn example, on dia/otisation and boiling 
with alcohol it gives ws-phcnylacudine It may be synlliosised by 
the condensation of o-nitt obcu/aldehyde with aniline to foi m u-nitio 
p diammo-liiphenylmethanc, the Iattci can then be 1 educed to the 
luammo compound, which yields ehiysanilinc on oxidation The 

1 I*or other compotuida, tec/ C S, 1922,12S, Abs 1,468 
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etude nitiate 01 hydiochlondc ts placed on the maikel undei the 
name of “ Phosphine ” It dyes wool and silk dneclly and cotton 
with the aid of tannin moidant, giving an oiangc-lmtcd yellow coloui 
It is chiefly used foi silk 


VII 

The Vegetable Alkaloids 1 

Inti oduotiou 

The alkaloids aie now gcneially defined as basic compounds of 
vegetable ougin, in which at least one mtiogen atom forms pait of 
a cyclic system This definition, howcvci, docs not include ceitam 
mcmbeis of the gioup Many of these compounds possess cuiativc 
piopcilies and aie of gicat value in medicine 

Although the poisonous and theiapeutic piopcitics ofvaiious plants 
have been known and utilised fiom catly times, it was not until 1817 
th.it the fust alkaloid was isolated A laigc numbei of these 
compounds arc now known, but foi a tong time all attempts to deteimine 
then constitutions 01 to picpatc them synthetically weic fimtless 

I he chenuslty of the alkaloids began to make definite piogicss 
with the discovciy of pyiidino and quinoline, which led to the view 
that they weic 1 elated to these bases in the same mannci as aiomatic 
compounds to benzene Komgs, in 1880, defined alkaloids as natuially 
occuiiing 01 game bases, which ate denved fiom pyikhne 

I his suggestion piovecl of gicat value in piomoLng oui knowledge 
of the chcmisliy of pyndine, but did not hold liuc fot all alkaloids 
I atei, the systt malic classification of the alkaloids as dcnvalivcs of 
pyndine, 01 indeed as belonging to any single class of 01 game 
compound, had to be abandoned, owing to the discovciy that natuial 
gioups of vegetable liases, such as the moiplunc and coca gioups, 
cannot be ltfeiied to any one patent substance but belong to a numbei 
of diffeient systems 

In desciibing all the vegetable bases as alkaloids, we aie thciefoie 
collecting into one class a numbei of substances of widely diffcnng 
constitutions A few of these contain mtiogen in an open chain, but m 
geneial it is piesenl 111 a cyclic sliuctuie such as that of pyndine, 
quinoline, lsoquinolme 01 pynolc Still othci alkaloids aie denved 
fiom punne, oi fiom complex dicyclic systems such as aie contained in 
the “second half” of the cinchona alkaloids and m the tiopine gioup 

1 Set 1 A fli.ury, I he Plant Alkaloids (Churdiill, 192 (.) J Schmidt, Obtt die Pi fit se/ai ng 
da KotiUthtlton uml dte Veisuc/te mn Synthtsc wtchhgei Pjimtstenalkalofde (I'.nke, 1900) 
Handbuch da btologtsjun Aibulsmeibodai-, edited by I J Abdtrh ildcm (Hull 11, 1920) J St-hwyrcr, 
Dte labnkaiton dei AlkahuL (Springer, 19 3/) ]' Spnth, 11 Ncucre iMgebmaae dci Alkaloid 

chemic/' /etlscht f ang ( h , 1938, 41 , 123 h 1 aS 7 
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Preparation of Alkaloids from Plants and then Genetal Properties 1 

Alkaloids aie usually found m plants in the form of salts—in which 
they ate eithei united to the common plant auds (eg malic 01 cituc 
acid) ot to ceitam chatactei 1stic auds such as qumic acid, in the 
cinchona alkaloids, and raccomc acid, in those of the opium gioup 
Then distubution is veiy unequal Although they may be detected in 
all paits of the plant, they geneially accumulate m the fiuit and seeds, 
and also in the bail? of tiees J 

In the piepaiation of alkdloids fiom plants, the finely divided 
maleual is usually cxti acted with watei containing hydiochlouc 01 
sulphunc acid This hbeiatcs the alkaloids fiom then salts with 
01 game acids, and the bases pass into solution as hydiochlondcs oi 
sulphates, togethei with dye-stuffs, caibohydi ates and othei pioducls 
fiom the plant tissue Fiom the solution so obtained the alkaloids> 
being insoluble oi only spaimgly soluble m watei, can be piecipitatcd 
by the addition of alkali If the bases aie volatile, as in the case of 
nicotine, the solution oi finely-divided law matenal is tieatcd with 
alkali and distilled in steam I he ciudc alkaloids aie then puiificd 
by special methods, ficquenlly by lectystalhsation of the fiec 
compounds oi then salts 

The majonty of the alkaloids aie solid substanees which cannot be 
distilled, only a few, such as coniine, aie liquid and volatilise without 
decomposition On the animal oigamsm, as has aheady been 
mentioned, they often exeit a maiked physiological action Almost 
without exception they aie cilhci insoluble oi spaimgly soluble in 
watei, dissolve with moie oi less difficulty m chloiofoim, clhci and 
benzene, and leadily in alcohol Most of the alkaloids aie optically 
active and usually laevoiolaloiy In many cases then solutions give 
a stiong alkaline icaction 

All of them foim salts with auds, among which the hydiochlondcs, 
sulphates and oxalates ciystallisc paiticulaily well Juke the salts of 
othei bases, they possess the piopeity of uniting with eeitain metallic 
salts such as the chlondes of mcicuiy, platinum and gold, to foim 
double compounds 

Alkaloids aio piecipitatcd fiom aqueous oi acid solution by a 
numbei of substances geneially known as alkaloid uaqtnlv, e q tannic 
acid, picuc acid, piciolonic acid, pcichlouc acid, potassium meicuiic 
iodide, potassium bismuth iodide, phosphomolybdic acid and phospho- 
tungstic acid r l hese icagenls, howcvci, aie of no gieat value foi the 
quantitative analysis of alkaloids, since the lcsulting compounds ate 
not sufficiently insoluble and because the icagenls also piccipitate 
othei oi game substances 

1 See nlao Ilemy* he cti B On the mode of foi motion of alkaloid b in phnts, see Pictet, Bti , 
1907J 40 > 3771 Robinson*" A riieory of the Meclnnmm of the Phytoc.hcmic'il Synthesis of 
Certain Alkaloids,* y C S , 1917* 111 , 87& j R C Menzics and R* Robinson,,/ C S ,193 \ t 3163 
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Methods of Determining the Chemical Constitution of Alkaloids 

In attempting to delennine the strucluie of an alkaloid, one of the 
fiist tasks is to investigate the action of Jtydi olysing agents When 
heated with watei, acids 01 alkalis, many of the vegetable bases biealc 
up into a chatacteiistic alkaloidal constituent, containing mliogen, 
and a niti ogen-frec component In geneial, the lattci consists of 
an acid, the caiboxyl gioup of which was onginally combined with 
the basic group or with an alcoholic hydioxyl of the nitiogenous 
constituent, in the compatatively laie gluco-alkaloids, among which 
is numbcied solamne, the second component is a sugai 

Thus pipeline decomposes on hydiolysis into pipendme and pipcnc 
acid, the union in this case is of the acid-amide type 


(C f ,n i 0 )N—CO—CjjHgCtj 
II OH 


Atiopine, as will be seen latci, may be hydiolysed to give tiopic 
acid and the alkatnine tiopine 

A second method is to effect a dcs>i adation by distillation with mne 
dust t fusion with alKah , 01 heating with bromine or othei vigoious 

icagcnis, as a lesult of which some stable patent substance can often 
be isolated 

Geih.udl, as caily as 1842, obtained quinoline fiom cinchonine 
by distilling the lattci with alkali Vongcuchten and Schrottei 
isolated phenanlhienc as the main pioduct of the distillation of 
moiphinc with /inc dust Alkaloids containing oxygen genet ally 
lose this element on licatmcnt with /me dust, while those lich in 
hydiogen become dehydi ogenised Oiu knowledge of the constitution 
of coniine, foi example, is based on Hofmann’s obscivation that on 
distilling the compound with /me dust it loses six hydiogen atoms to 
give conynne (2 piopyl-pyndino) 


Nil 


ILC 



ILC 


CII—CJL—CIL—CII 



CII 


’ CII 


Connne 


$) 


N 

iic/%c 


lie 


Clio—CIL—CII 


3 


CII 


CII 

Conyrino 


Othei methods of lcmoving hydiogen have aheady been quoted 
utidei pipuidini (sec p 646) Meiocjmnene has been shown to be 
a pyiidino dciivative by Konlgs, who obtained 3-ethyl -4-mcthyl- 
pyiichnc by heating it with hydiochlonc acid and meicunc chloiidc 
In the hydioqenaiion of allalouls, an impoitani pait is played by 
catalytic methods of 1 eduction , involving the use of metals of the 
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platinum gioup In this mannci motphmc leachly yields dihydio- 
morphine, and the cinchona alkaloids give chhycho-dcuva Lives 

In addition, the estimation of the vu’.tnyhnnno-g/ on]), as developed 
by Hei/ig and Meyer, 1 is being employed moic and moie in 
alkaloid investigation When the hydi iodides of N-methylated bases 
are heated at 200° to 300“, they pait with methyl todiclc accoiding 
to the equation 

/GH 8 

R N^-H - R Nil hCIIjI 


The methyl iodide can be estimated by Zeiscl’s method, m which it 
is absoibcd m an alcoholic silvci ntliatc solution and the lcsulting 
silvei iodide weighed 

Zeisel'i method for the dehumnation oj metho \yl gioups depends 
on the conveision of the methyl of the CII/D-gioup mto methyl 
iodide, by ticalincnt with hydi iodic acid at the boiling-pomt, and 
the subsequent estimation of iodine in the above mannei 

A pioeess foi the determination of methoxyl in the pusence of methyl- 
wimo gioups (Ilci/ig and Meyet) is based on the fact that the 
methoxyl gioup is hydiolysed at the boiling point of hydriodic acid, 
whilst the N-mclhyl gioup is not detached unLil a highei Icmperatuie 
has been icachcd With lcgaicl to the value of this method foi 
distinguishing between a methoxyl and a mclhylunmo gioup, it 
appears that a negative lcsult at the lowu tunpeialiue may safely 
be taken to piove the absence of methoxyl, but othunvise no cctlam 
conclusion can be diawn without fuilhei inhumation ' 

Foui Lilly, the function of the oxygen atonn in the alkaloid must 
be investigated In this connection a icaction of special linpoi lance 
is the conveision of an alkaloid containing an alcoholic hychoxyl 
gioup mto its anhycho compound, by means of dehydialing agents 
such as a solution of glacial acetic aud in sulphunc acid (eg 
tiopine - “> Liopidinc) 


-CIIOIT 
(<’ lt n n N) | 

err, 


(< JTi.N) 



I II,/) 


li(>|unu liojtidinc 

( 

01 by successive tiealment with phosphoms chlondcs and alcoholic 
potash (fij, pioduction of cinchene and quincnc fiom cinchonine 
and quinine) '1 he unsnluiatcd compounds so obtained aie often 
mote lcactive than the oiigmal alkaloids, and can with advantage 
he submitted to icaclions involving fuilhei degt.uUilion 


1 J IIcr?4» iiixl II Meyei, Mounts , 16 , 613, 10, 399 , 1897, 18 , 379 Cf also M RubcIi, 
Bfi , 1903, 86, 156S II Otckcr, lh> , 1903, 80,2895 J Stc M Busch, Ha , 1902, BS, 
15651 G, (foklsdunicdt, Mounts , 1900, 87 , 8([), 1907,88,1163, A Kirpsl, Bet , 1908, 41 , 819 
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Alcoholic and phenolic hydioxyl gioups aic estimated in the usual 
mannct by acetylation and benzoylation 

Finally, the delei mination of the stiuctuie of an alkaloid gencially 
necessitates an investigation of the oxidation pioducts Towards 
oxidising agents alkaloids offer a numbei of points of attack, such 

H 

as ethylene linkings, >C = C<, catbinol gioups, j>C< , methyl- 

/ N OI-I 

lmino groups, |>N CH a , and otheis 

Among the leagents used foi this put pose, the most impoitant ate 
potassium peimanganatc, chionnc acid, mine acid, and hydiogen 
peioxide Peimanganatc is of paiticulai value in attacking a double 
bond between cat bon atoms, when two hydioxyl gioups arc fust added 
(see p 112) The resulting glycols aie best fuilhci oxidised by means 
of chionnc acid, which leads to the molecule being luptiued at the 
point onginally occupied by the double bond 

Hydiogen pci oxide bungs about oxidation at the nitiogen atom 
and opens up the ling In the case of saturated compounds of an 
aliphatic natuie, pcimanganate has the pcculiai piopctly — often 
obseivcd m the ti opine senes—of oxidising the methyl gioup away 
fiom mliogcn 

A good example of the use of oxidation methods will be dcscubed 
latci in connection with nicotine 

An intei esting method fiequcntly employed m examining the 
sliucluie of alkaloids is to study the dcgiadation pioducts they yield 
on exhaustive methylation , by which in its widest sense is undeistood 
the decomposition of substituted ammonium hydi oxides undei the 
influence of heat, 01 of quateinaiy ammonium salts when Licated with 
alkalis Ihc leacttons employed in the exhaustive methylation of 
alkaloids aic well illustiatcd by the dcgiadation of N-mcthyl pipcudinc 
to pipeiylene (see p 648), 4 classical example discoveied by A W 
Hofmann Anothci simple example will be found undei apoiphinc, 
p 725 In this mannei the caibon fiamewoik of the alkaloid molecule 
is icvealcd in the foim of unsatmated hydrocaibons 

1 his method of decomposition may be applied to alkaloids with 
all conceivable gioupmgs in the molecule, and also, which is of special 
nnpoitance, to annno-acids obtained by the oxidation of alkaloids 
Ihc dcgiadation pioducts foimed 111 this way include a great vaucty 
of unsatuiated non-mtiogcnous compounds, including hydtocaibons, 
ketones, aldehydes and caiboxylic acids I*01 dcteimining the 
sliucturc of alkaloids this method is theicfoie of gicat seivice, since 
these unsatuiated pioducts of exhaustive methylation can often be 
con vet led by simple leacttons, such as icduction, into compounds of 
known constitution 

Tiopimc acid, foi example, on exhaustive methylation gave a 
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diolefine-dicatboxyhc acid of the fonmila C^IIgOj, and of unknown 
stiuctuie, on leduction with sodium amalgam this was tiansfoimed 
into pimelic acid, a noimal dicaiboxylic acid containing seven caibon 
atoms (see p 272) 

Hence it follows that the catbon skeleton in tiopine and ecgonme 
must possess an unbranched chain of seven atoms, and that these are 
ananged m the foim of a ung, since tiopimc acid is pioduccd fiom 
ti opine and ecgonme by luptuie of pail of the cyclic system The 
application of the same pnnciplc also enabled this cycloheptane ling 
to be isolated intact fiom cocaine and atiopine, in the foim of its 
ketone, subcione 

Ihc value of exhaustive methylation, followed by teduction of the 
resulting dcgiadation pioduels, is not confined to the infoimation this 
gives concerning stiuctuie, as it is often possible to effect a synthesis 
of the alkaloid by applying the method in the lcveisc dncction 

The fission of cyclic bases by means oj phosphoi u r halides (J v 
Braun) has also been applied to the deteimmation of alkaloid stiuctuie 
This tiealment yields open chain halogen compounds (see p 647) 

Infoimation as to the effect of high tempeiatuie on an alkaloid can 
sometimes be gained by fusion tvith mea The behavioui of bcibenne, 
naicotinc and hydtasltne has been examined undei these conditions 1 

Classification of the Alkaloids —In the succeeding pages the 
alkaloids aie classified accoulmg to then chemical constitution, 
especially with lefcicnce to the basic compounds fiom which they 
aie deiived In most cases it is then found that alkaloids pioduccd by 
one and the same plant, ancl theicfoic belonging to the same botanical 
gioup, also fall into the same chemical gioup, owing to the fact that 
the compounds geneiated by a given plant ficquently possess similat 
chemical constitutions 

The alkaloids aie theiefoie divided into the following gioupsi 

1 Hydioxy-pheny! alkylammc and phenyl hydioxy-alkyhtmine 
bases 

2 Alkaloids of the pyndinc gioup 

3 Alkaloids of the pynolidme gioup 

4 Alkaloids of the quinoline gioup 

5 Alkaloids of the isoqumoline gioup 

6, Alkaloids of the phenanthienc gioup 

7 Alkaloids of the puimc gioup (JLhesc have ahoady been treated 
on pp 339 el seq ) 

Like cveiy classification this is somewhat aibitiaiy It may bo 
objected that the alkaloids atropine and cocamc, tiealcd undei the 
pyriohdmc gioup, also contain a pyndinc nucleus, and should theicfou 
have been included in the pyndinc gioup It seemed, howevei, tnoie 

1 Frenche, Ai eh d P/tat hi, 1903, 241 , 359 
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convenient to heat these compounds m a gioup by themselves The 
sixth gioup is termed the phenanthienc group, and undei this head 
will be found moiphine, codeine and thebaine Each of these 
contains a phenanthtene nucleus, but the basic complex from which 
they aie denved has not yet heen determined with certainly 
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For galegine, (CIIg) a C CII C 11 3 N C(NII) >, the alkaloid of Galega officinalis ^ 
see E Spath and W Spitzy, Bu , 1925, 68, 2273 

In iccent yeais 01 game bases possessing phenolic charactei have 
attiacted cvct-increasing attention, on account of their valuable 
phannacological piopeities Adicnaline (see p 671) has now become 
an impoilanl ding, the valuable piopeities of hoidenine, present 
in fcimcntmg bailey, have been pointed out by L/gei , and still more 
lcccntly Baigei has identified in p hydioxyphcnyl elhylamine the 
long-sought compound to which the activity of eigot (in diseased lye 
seed) is mainly due 


/>-Hydi’03typlienyl ethylamine 

CII C II 

IIO cf ^0 CII 2 CII 2 NII a 
IlC”ui 

I his compound has been shown by Batgcr 1 to be the active 
pimcipic of eigot, in which it is picsenl to the extent of o 1 to 1 pei 
cent and is accompanied by 4-/3 nmmoclhyl-glyoxalinc (/3-imma7yl- 
cthylaminc) Physiologically, it has the effect of stiongly increasing 
the blood picssuic It may be isolated Horn the aqueous extract of 
eigot by shaking out with amyl alcohol, and ctystallises m white 
needles 01 leaflets, inp 160°, bp 161 0 to 16372 mm piessuie 
/-Ilydioxyphcnyl-ethylammc may be synthesised by vanous methods, 
cq bcn/yl cyanide on 1 eduction yields phenyl ethylamine, the bcn/oyl 
derivative of which is conveitcd into the hydioxy-phenyl compound 
by mtiation, followed by 1 eduction and dia/otisation On lemoving 
the piotective ben/oyl gioup by hycholysis^-hydioxyphenyl-ethylamine 
is obtained 2 

C 0 IT fi (CIOjNII COC’ u TI tt - no 2 cyi^cn,). Nil COC 0 II r , —^ 

nii, nii coc ( ,n fi -->iio c t ,ii,(cii 2 ) 2 Nii coc 0 n 6 - -> 

IIO CoIIjCCIIg),. nii 2 

A bettei yield is obtaincrl bj^ condensing antsaldehyde with mtto- 

1 G Huger,,/ C 19091 OB, 1123 ^ llnrgoi slid Walpole,/" C S, 1909, OB, 1720 
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methane to form /-methoxy-mtrostyrale, which is then 1 educed and 
the methyl gioup lemoved with hych iodic acid 1 

CH 3 0 C a Hj CHO + H»C NO* —> CH 3 0 CJI, CH CII NO g --> 

CH„0 C fl H 4 CH S CII a NH* -> no C„II, CII 3 CII 2 NH, 

Hordenine, /CHydi'oxyphoiiyl-dimethylethylamine 

HC CH 

HO Cf yc CII, CH a N(CIT 8 ), 

IIC CII 

Hordemne is piesenl m the embiyo of bailey The lescatches 
which led to its discoveiy vveie piomptcd by the use made of 
germmating bailey in southern luance and some of the Fiench 
colonies as a lemedy foi dianhrea, dysenteiy and cholcia, and the fact 
established latei that choleia gcims do not develop in an aqueous 
extiact of geiminaling bailey Iloidemne is picpaied by cxtiactmg 
air-dticd malt with alcohol, it boils at 173° to 174° (h nun picssuie), 
and forms ciystals of mcUmg-point 117 5 *, which me soluble m walci, 
alcohot and ethei Iloidcnmc sulphate laises the blood piessuie and 
mcieases the flow of mine It is a lemedy fot dun lhoea and dysenteiy, 
and in genual gives good lcsulls in cases whue bailey can be used 
with success 

On methylalion by means of dimethyl sulphate, followed by 
oxidation with potassium pcimanganate in alkaline solution, hoidcnmc 
is converted into anisic acid When degiaded by Hofmann’s method 
it yields tumethylaminc I he foi inula deduced in this mannei has 
been con filmed by synthesis Iloidemne was fast synthesised by 
Bai gei 8 from phcnylethyl alcohol, tn the following stages, 

C 0 B 6 CH, CH, OH C B II 6 CII, CII 0 O { ^>C 0 II 6 CII, CII, N(CII„) n 

HNOo 

- %■ p NO a C fl IIj CH, CII, N(CH a ), -> Nil, 0,1^ CII n CII a N(CII.) a 

IIN 0, 

-^ Oil C a U, CII a dig N(CII a ) n 

Phenolic bases of this type but of htghei moleculai weight, m which 
the N(CII a ) a -gioups aic fiulhei removed fiom the ben/ene ling than 
m hoidemne, have also been synthesised B If the phenolic hydioxyl 
gioup is displaced fiom the paia- to the oitho-position the physiological 
action is much weakened * 

1 K W Roscnmuiul, b'o , 1509, 48 , 47?S I'oi ihe ]>rcp,utitJou of other bisea of ihla type, 
seo Set , igio, 48 , 189 9 Unger, / C S', 1909, OB, 2193 0 J v Drum anil Deutsch, 

Be >, 1912, 46 , 2501 1 J, v Hiram ;uul 0 Ilnyor, Hei , 1924, 67 , 913 
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Anhaline and Mezcaline 

Fiom the cactus of the Anhalontum family, which grows in North 
Amcnca and is used by the natives as an intoxicant, a number 
of basic substances have been isolated, viz, anhaline, mezcaline, 
(m/la la mine, anhalonidme , pellotme , anhalonine and lophophoi me Most 
of these compounds aie of unknown composition, although it seems 
pi obablc fiom the woik of E Spalh 1 that anhaline is identical with 
hoidemne 1 he same investigator has synthesised mezcaline and 
shown it to possess the following stiuctiue 1 

(.11.0 C_CII 

C1I 3 0 cf yc CH, CH 2 NH s 

cii,o c cii 

Spath has also suggested foimula. foi other alkaloids of the 

anhalonnim family, foi which refcicnce should be made to the original 

P‘M>ci I_ I 

Thyroxine, 110 <( \- 0 —CIl(NH a ) COOH, is 

I l~ 

a phenolic ammo-aeid containing iodine which is pi esentm combination 
with piotcin in the hoi mono of the thyioid gland It was first isolated 
fiom the lattci souico by Kendall The structuie of thyroxine was 

established by the synthesis ofllaungton and Bargei 3 

Adienalino, is the aetive principle (hormone) of the 

d<huial gland, which bungs about incicase 111 the blood pressure It 
contains the catechol complex and has been given the following 

stJUcluio When e.iteehol is heated jjq / \_cHOH CH;, NHCH 3 
With t hloi acetic acid in the piescnce 
of phosphoius oxyehloude, chlot- nu 

acotoeauchoi, (IlOJ^II, f O CII B C 1 , w ^nned On tieatment with 
m< tliylammo the latte, yields (IIO) 2 C 0 II 3 CO CH 2 NHCH 3 , which 
on 1 educing the kelo gtoup to -CIIOH gives racemic adienalme* 
having tlu same tonstituLon as the naluial laevoiotatoiy product, 

although physiologically less active 


Bphodrine and Pseudo ephedrine 4 

C., 1 I B CII-CII-CII a 

| 1 

OIT NIICIL, 

i-Phonyl-' , ~mGtliylaminopi , opane-I"Ol - Iiphediine 

ophedune aie two liases with mydnatic piopcities 


and pseudo 
occurring in 
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Ephedra vulgaris Theyaie optical isomei ides, and unclei Lhe influence 
of heat the foimer changes into the lattci Ephcchinc is a wlnte 
ciystalline substance, which boils about 225 0 with decomposition 
Mydrine, formed by the combination of ephcdunc and homatiopine 
(see p 697), lapidly bungs about a considetable degiee of myduasis 
and is employed medicinally for this put pose 


II—ALKALOIDS OF THE PYRIDINE GROUP 


Among the laige numbci of alkaloids containing a pyndine nucleus, 
only coniine, conhydnne,/r^flfc-conhydunc, 7-00111061116, ncuiinc and 
pipeline will be treated heic 

a-Oonlme, dexti o-2-«-pi opyl-pipei ldine 


Nil 

ilc/^cii cn n cn, cn 


3 



Coniine is of special mteiest fiom the histoncal standpoint, because 
the synthesis of this compound by Ladcnbuig, which was commenced 
in 1886 and finished at a later date, constituted the fiist complete 
synthesis of a natiually occulting alkaloid 1 lhe icason foi the early 
synthesis of the compound lies in its simple constitution Of the 
numerous alkaloids known to-day, vety few aie built up fiom e«ubon 

hydiogen and mtiogen alone, and of these coniine possesses the 
simplest stiuctuie 

Coniine is picsent m hemlock, Comum vuuulatum , especially m 

the seeds, in which it is accompanied by N-mclhyl-conime, y-tonicelne, 

conhydrine, and pseudo-conhydrine It is a coloiuless, vciy poisonous 
liquid, bp 167° 


Degradation of Conune 

A W Hofmann subjected coniine to certain icaclions which he 
had pieviously earned out with pipei ldine, and found that the two 
compounds behaved m a similai mannci 

1 Exhaustive methylation of coniine gave a pioducl having the 
composition of a dimethyl-conune, C 8 lI irt (CII 0 ) 2 N, and also a hydio- 
caibon conylenc, of the foimula C 8 H u 


C 8 H 1t N -^ C 8 1 I 10 (CII 3 )NCII 3 I 

Conune 


« II O 

->• C a II 10 (UI,,)NCII a QH •— 


c 8 h, 6 (cii 3 ) 2 n —-> c 8 ii 15 (cii 3 ) 8 n on - -> Cgiijj 1 N(cn 0 ) a \ n„o 

Conylenc 


1 Bet , 1889, 22, 1403 
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Hofmann obseived that conylcne diffeicd fiom pipeiylene by the 
same atomic complex, CgH^, as conunc from pipcudine, and hence 
suggested that coniine might be a homologue of piperidine Shortly 
aftenvaids, IConigs put foiward the siumise that conunc was a piopyl- 
pipendine This view was confiimed by Hofmann’s distillation of the 
alkaloid with zinc dust 

2 The distillation with ~mc dust was undertaken in the expectation 
of obtaining fiom coniine a compound ncher in hydiogen In actual 
piactice it was found that hydiogen was lemoved, 1 and the compound 
C 8 H 17 N convcited into one of the composition C g H 11 N The new 
base, conynne , was easily lecogmsed as a derivative of pyudine, 
and being six atoms pooiei m hydiogen than coniine, appealed to 
stand to the lattei in the same relationship as pyndtne to pipeiidine 

Any doubt as to the natuie of conyrine was resolved by its 
conveision into picolmic. acid 01 2-pyndine-caiboxyhc acid (see p 644) 
on oxidation 

Fiom this it followed that conynne must be eithet 2-piopyl- or 
2-isopiopyl-pyridino, and coniine thcicfote 2-piopyl- or 2-isopropyl- 
pipendine The choice between these two alternatives was decided 
in favour of the noimal piopyl stiuctuie by Hofmann’s discoveiy 
that conunc, on 1 eduction with hydnodic acid, gave ammonia and 
normal octane Had an isopropyl gioup been present, this could not 
have occuned without intramolecular lean alignment 

1 he constitution of coniine as 2-piopyl-pipeudine was finally 
confiimed by synthesis 

3 The oxidation of conunc with hydiogen peioxide led to the forma¬ 
tion of (i-piopyl-3-aminovalci aldehyde 2 (<5-ammo n octoic aldehyde) 


CH 2 

H»C/\CH 


cn 


IIjjC 


> 


V 


CH C 8 II 7 


IL.C 


O lie 


/\ 


CH 


Nil 


A 


CII c a ii 7 


9 


Synthes 1 r of Conunc 

"Ihc synthesis of conunc was accomplished by Ladenbuig 3 with 
the aid of the following thicc reactions (rt) mtioduction of side gioups 
into pyudme by heating pyudine alkiodidcs undci ptessme (sec 
p 64 o), (b) condensation of «- and y-mcthyl-pyilchnes with aldehydes 
(p 641 ctscrj), (c) conveision ofpyndmes into pipcudincs by lcduction 
with sodium and alcohol Ihc complete synthesis of coniine piocecds 
in the following stages 

Caibon disulphide, which can be piepaicd fiom its elements, is 

1 llofm inn, Bn , iS 8 17,825 0 WolffcnbtUn, Bet , 1895, 88, r iCo Butyryl butyric 

and (fi jiiopyl ketobutync icul) Is ilso formed d Be> , 1889, 23 , lj- 03 i 190b, 2 (.86 

Compute Uso Ldnart, Am » 05 

2 O 
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converted through the various intei mediate compounds shown below into 
tnmethylene bromide The lattci, by way of trimethylene cyanide, 
yields pentamethylene diamine, fiom which piperidine is obtained 
by splitting off ammonia Pipendine may bo oxidised to pyiidme, 
and this with methyl iodide gives the addition compound pyiidme 
methiodidc, which at 300° is tiansfoimed into the hydiiodide of 
c-picohne On heating picoline itself with pai aldehyde to a high 
temperature it gives a-allyl-pyi idine, which by reduction is conveited 
into inactive coniine 

The lacemic base may be lesolvcd by means of rf-taitanc acid 
O11 crystallising a solution of 1 -coniine d?-laitialc the fiisl salt to 
sepat ate is df-conune rf-taitiate, which is then removed and decomposed 
with alkali 

Synthetic comme as thus obtained is identical in most respects 
with natuial rf’-connne, fiom which it diffeis mainly in possessing 


CS 


CCl 


-> 


CCl, 

II 

CCJ, 


-> 


CO II 


CO II 


CCL 


->• 


CII, 

I 

CO 


CII 


'f' 

CII, 


CII, 

J 


CII 


cnon 

I 

CII 3 


CII 

[I 

CII 


->■ 


CII 3 

I 

CHC1 
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CILC1 

I 

CIICl 


Clin Oil 

I 

CII on 


CZInBr 


-> 


CIIjCI 


UloCi 


CII, on 


CII 

II 

CII* 


CIloBr 


CII, 

CIUBr 


CH, CN 

I 

> CII 


CH a CII a NH a 
> C II* -/" 


IIoC 


Nil 
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1IX 


Clio CN 


OIL CII Nil 

*4 +J u 
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CII 
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tic 
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C II 


on 

Fyrklinn mothloilklo 



C CH 
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IIC 
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CII 


IIC 


v, 


G CII CII CII 3 


CII 


0 Methyl pyrUJIno 


2 Allyl pyrltlltift 


Y 

Nil 


ITX 


II C 



CII Clip CII, CU 




CII 


jj ^solution Ifoatot] 

- — > 1 30 commc ->* d Comlnc 

At GOO 


2 11 Tropyl pyridine, tli Ctmlino 



PIPELINE 



a slightly higher rotation (by about 4 °) The synthetic pioduct wa;> 
at fiist believed to be an isomeiic z-yo-conime, which oil heating alone 
01 with alkali gave a pioduct identical with the natuial alkaloid 
Recent woik indicates that /^-coniine is meicly an impuie form of 
conune 1 

Oonhydiine and pseudo oonliydrine ue also picsent m plants of tlie hemlock 
family 2 The foimcr, in p 118 0 and bp 225' to 226“, ciystnlhscs fiom etlict m 
colourless leaflets , the lattei, 111 p 101° to 102 and bp 229° to 231°, is 1 deliquescent 
ciystalbnc powdei A cuteful mvcstigition of conhydiine his shown it to be an 
optically active 2 ethyl pipcndyl alkuie 3 of the foimula 

Nil 


UoC/\cil CIIOI1 CII CHi 


II„Ck ku 

UIi 

■*# 

Pseudo cnnliytlunc is a hydio\y coniine in which the hydioxyl group must 
be attached to the ling 1 


Nil 

n,c/\c cii. cii. cii 


7 CJonlcoyno 


II C 


i 


may be pic pucd ducctly fiom 



CII 


CH 


hemlock and also by synthesis 5 Vinous stiuctunl nomeudos of this substance, 
which cannot be descnbcd hcie, uc obtained by the temoval of the elements 
of watei fiom ronhydnne and pseudo conhyeti me, or of hydiogen iodide from 
then iodides 


NOIL, 


lUolntno, the alk doul of the castoi oil plant, has the sliuctme of 
a x methyl 3 cyano 4 mithoxy 2 fiyndom This has been umfnmcd 
by synthesis 


O 



OCIL, 


Plpoxduo, 




II S G 





1 K IIcsb find Wclt/luif lie* , 1920, 60 B, 139 3 For the separation of the alkaloid bases 

(coniine, methyl connnc* 7 ioniLcme, (onhychme, and pseudo conhydrine) present in hunlock, 
compile J v Biaun, Bet , 1905, 88, 3708 n Loftier ind rscJumkc, her , I9O0i 4 S, 929 
< J ufiler, Bet , 1909, 43, 116 e b Gibiicl, Bet , 1909, 42 , 4059 0 F SpfUh md G 

Kollei, Bet t 1923, 66, 88o, 2454 
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The fruit and seeds of different species of peppet contain, in 
addition to a lerpene, a compaiatively laige propoition (7 1° 9 P<-i 
cent) of pipeline It was fiist discoveied in 1819 by Oeistccl, and 
crystallises in monoclinic columns, mp 128° to 129 0 

When boiled with alcoholic potash it breaks down into pipcndmc 
and pipcric acid 

C ir H 10 NO 8 + H a O = C D II n N + C.glljoOj 

Piperine Pipei ithnc Pipenc acid 


Hence it was concluded that pipei me is a compound of amide type 
built up fiom piperidine and pipenc acid This view was conliimcd by 
the paitial synthesis of piperine 1 on heating pipei idine in bcn/enc 
solution with the chloride of piperic acid 

C 5 II 10 NII + CIOC C n II 0 O 3 = C 6 I-I 10 N OC C u II 0 O a H IIC1 

Pipendme Pipenc acid chlonde Pipermc 


The constitution and synthesis of piperidine have been desciibed 
on p 638 et seq , and the stiucture of pipenc acid was solved by 
Fittig and confirmed by the following synthesis of Ladcnbutg and 
Scholtz 2 Pipeional (see p 433) was condensed with acetaldehyde 
in the picsence of aqueous alkali to give the unsatuiatcd aldehyde, 
pipeionyl-aciolein, the lattei was then conveited into pipenc acid 
by use of Pei km’s teaction 



Piperoml 


-> CH 



o/\ 


o 


CII CII Clio 


-> CH 


2 



\/ 

P lpcronyl-'ici olom 


O 


ch cn cii cii cooii 


\/ 

Pipenc acid 


Consequently the above preparation of pipeline from its hydtolysis 
products, piperidine and pipenc acid, completes the synthesis of this 
alkaloid 


Owing to the rising price of pepper, expenmcnls have been dnectcd 
towaids an artificial pioduct of similai taste An actual synthesis of 
piperine is out of the question owing to the cost of staitmg matcimls, 
but information as to the iclationship between constitution and 
pepper-like taste has been gained by the wotk of H Slaudtngei 8 It 
appears that the molecule of pipeline may undeigo considerable 
changes without losing the chaiactenstic taste An essential condition 
is the acid-amide linking of piperidine with a fally«ai omatlc acid 

^er , 1892, 25 , 1390 Ann , 1871, 159 , 142 a j 2 g s g b jj Stmulingei 

Vers, Bit i 19231 66, C99, 711 II Rheinboidt, Bit f 60 , 1228 G Riccomnnm, C, 
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radical, and the most pionounced lesemblance to peppei was obseived 
with dci ivatives of <S-phcnyl-«-va 1 ciic acid The most effective structure 
is thus the following 

C H„ C II a 

C„II, C C C C C( O) N<^ \cil 2 

CII, CII 2 

Alkaloids of the Pomegranate Bark —The bark of the pomegranate 
tiee ( Pumta Gfauatu?uJ^) contains several alkaloids, to the presence 
of which is due its long-known usefulness as a vetmicide These 
alkaloids, vi /, pel/eiicnue and isopellettenne of the foimula C s II 16 NO, 
methyl - tsopelletiei me (I -methyl- 2 ace to nyPpiperidine) of the formula 
CqII^NO, and pseudopelletienne } C 0 H 16 NO, have been examined in 
detail by Hess, and latei by Mcisenhcimei 1 Then constitutions can 
now be regarded as established in accoi dance with the following 
foimulae 


Nil 

J L 

Nil 

IT a C/ ^CII-CIL CH n CIIO 

IIjC/^CII—Cllg CO CII 

ii 2 c x/ cn a 

II^cl .CIL 

ur 9 

CII, 

PcileLicnnc 

Isopelletieriiie 


8 


NCII 


n 3 c 



cn—cn 3 co cn 


8 



2 


Methyl isopelleticrme 


Pseudo-pellcticiinc has teccntly been synthesised by Menztes and 
Robinson® in a simple mannei from glutanc aldehyde as follows 
(compaic synthesis of tropinonc, p 689) 


cir, ciro 
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IICII COOca 


cn a 

1 >N CIJ, 

1 CO 

-> 


\V 

| 


cir 2 ciio 

Mul mil ildchydc 

Methyl 

IICII COOca 

C ilcium 'iretone 


Clin— C1T- - 

1 * 1 

11mm. 

CII COOca 

l 

dicuboxjUtc 

CII,—CII— 
1 J 1 

— CII, 

1 3 


III II! 

CII 8 NCII a LO -^ CII a NCIIg CO 


CII 2 —CII— 

-CII COOca 

CII 2 —CII-CII 



Pseudo- pelletiermis 


1 K Hess nnd co worker", Hu , 1920, B8, 129 Ann, 1925, 441 , ioi J Melscnhcimci 
iml ]> Mahler, Ami, 1928, 4 GS, 301 R C Men/ies and R Robmaon, J C S', 1924, 

125 , 2163 


2 U 2 
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III 


ALKALOIDS OF THE PYRROLIDINE GROUP AND 

DERIVATIVES OF TROPANE 


In this gioup are included hygrine and cuskhygrme, nicotine, 
atropine, hyoscyamine, cocaine, tiopacocaine and olhtis Since the 
five-membered pyrrolidine ling is moie easily fanned than the 
corresponding six-membeied nng, the pioduction of alkaloids of the 
pyrrolidine type in plants is not surprising In all probability a 
number of other alkaloids, the constitution of which is still unknown, 
will eventually be found to fall within this class 


Hy grilles 


Fiom South Amencan com, obtained fiom tiuxillo and cusko leaves, 
Liebeimann 1 succeeded in isolating two bases, hygnm. (C s II ir ,NO) and cuskliygiino 
(C^H^N^O) Both of these aie ammo ketones, which on oxidition with clnomic 
acid are converted into hygnnic icid (cf p 579) 

Hygtme , i methyl 2 acctonylfiyr>altdim\ possesses the following stiucliuc 


cii 3 

N 


n.c 

HjC 


/\on CII a CO CII 
-CII, 


1 


which is confhmed by the foinmtion of a monoxime, the dcgiadalion of hygnne 
to hygnnic acid (i methyl pyriolidme 2 caiboxylic acid) and by alio synthesis of 
the base 3 

Ilygnne is found more particularly m Peruvian cusko leaves, in which tt occms 
up to 02 per cent It is a liquid which daikens m air and boils at 193° to 195 s 
under ordinary pressure 


Cmlhygnne 

Cuskhygrme, C^I^NaO, is simply related to hygnne, C 8 ir Jft NO, one hydiogcn 
atom of the latter being leplaced by the monovalent 1 methyl pynohdinc ladical 
It conforms in all piobabihty to the stiuctme 3 


CII B CH a 

N N 


II,C 

II fl C 


/\ 


cn— cii„ co co 
cn a 



on, 

oil 


Cuskhygnne is present in the ciude hygune obtained fiom cusko leaves, of 
which it constitutes the higher boiling main fraction It is a colouil-ess oil of 
faint odour, boiling at 185° undei 32 mm pressuic Attempts have boon made 
to synthesise this substance but have not yet been biought to a successful conclusion ■* 

1 C Liebcrmann and Giesel, Ber , 1897, 80, 1113 IC Iless, Bet , 1913, 40, 3113, 410) 
s Ber , 1900,88, 1161 3 See Ann Rep Chem Sto, 1925, p 13} ‘ Hess and link, Bet , 

1915,48, 1986 
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Nicotine 


\-Mcthyl-2-Q pyndyl-pyrt ohdine, 

N 

Iic/SCH 




cil a 


N 


-IIC 


CII 

II,C 


CII 


Nicotine is found combined with malic acid and citric acid in the 
leaves of tobacco (Nicoiiana tabacuni) 

The above constitutional foimula was advanced by Pinnei in 1893, 
and finally confiimed by the synthesis of the alkaloid by A Pictet 1 

Synthesis of Nicotine 1 

Slaiting fiom /3-ammopyridmc, the synthesis of nicotine involved 
the following eight changes 

distillation with mucic and 


strongly he tied 


13 Aminopyndine - 

1 (i Pyndyl pyirolc 

nn j 1 1 potass sail with CILI 

2 p Pyndyl pynolc —*- 3 - 


1 Methyl 2 fi pyndyl pyuole methiodidc 
1 Methyl 2 /? pyndyl pynolc (mcotynne) 




distill uton with lime 




action of I 


Iodo mcotynne (1 methyl 2 (i pyndyl 4 lodopyriolc) 
Dihydio nuotynne (i methyl 2 fJ pyiidyl pyirohne) - 

rr , \ 1 , /tt , \ resolution with 

letiahydio mcotynne (at nicotine) 
l Nu otine 


reduction 


ml of the pcrbromidc 

with bn and I3C3 


tarlaric aetd 


11 


A fuilhei synthesis has lecenlly been 
Bi etschncidu 2 in the following stages 

/V_ COO C ,11 
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] I’tctet iikI liotsdiy, Bt> , tgoj, 87, 1225 
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1 Bu , 1928, 01, 327 
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CII,~CIL 

I I “ 
( hi cn, 
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Nil CII 8 


NiOII 
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Cl I,—CIL 

I " I ' 

/ LIT CIT„ 
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N 


N CII 
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Note —1 lie Hist condensation in tins synthesis is bi ought about m the piesencc 
of sodium ethoxicle, giving a product which, on being heated with fuming hycUo 
chlonc acid, is hyeholysed with loss of cat bon dioxide 


VNtcoUne 

The natmally occimmg alkaloid is lacvoiotatoiy, [/?V°5=s — iCG 4°, 

and, as indicated above, can also be obtained by icsolving the 
synthetic ^nicotine with the aid of butane acid Accoiding to the 
kind of tobacco, the nicotine content vanes fiom 06 to 8 pci cent 
(pipe tobacco 0518 to 0854 pet cent, cigais 0801 to 2887 pet 
cent) In gcncidl, the fine* kinds of tobacco contain smallei 
pi opoi lions of nicotine 

The alkaloid is conveniently obtained fiom extiact of tobacco, 
which is piepated lndusUially by exit acting a law tobacco of high 
nicotine content with cold walei and concenliaUng the solution 
The extiact is used foi the imptegnalion of chewing tobacco, and 
contains about 8 to 10 pci cent of nicotine It is fust diluted 
with walei, and ftccd fiom hydiocaibons by the addition of acid 
and cxti action with elhei lhc solution is then made alkaline, and 
the fieo nicotine lepeatcdly exh acted with ethci 

Fieshiy piepmcd /-mcolino is a colomless oil, which dissolves 
icadily in walei, has a burning taste, and is vciy poisonous When 
puie, it has an unpleasant, stupefying odoui, unlike that of tobacco 
It can only be distilled without decomposition m vamo 01 in a 
cuiient of hyehogen, in an it lapiclly turns biown and lesmifics 
Nicotine boils at 2462° nuclei 730 mm picssuic It foims diacul 
salts which clo not ctyslalhsc well, these dissolve icadily in watci 
and iotatc the plane of polansation to the tight 

Nicotine yields two mono-meihtochdes 1 One of these isomcudes 
is obtained as a syiupy mass on bunging logclhei cquimolccutai 
amounts of nicotine and methyl iodide The second lcsults when 
mcotme is first tioalcd with a moleculai equivalent of hydiioclic acid 
and then with methyl iodide undei these conditions the methyl 
iodide unites with the less basic niliogen atom of the pyudme nng 
By convciting the mcthiochde into the hydtoxide and oxidising 
the lattei with potassium peunanganate, Pictet 1 obtained the alkaloid 

1 Pklcl %nd Genequmul, Bn , I 897 » SO, 2117 
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trigonelline , which is ptescnl in the seeds of fenugreek , of Sti ophanthns 
hispidus , and olhei plants 


ch 3 n oh 



c 5 ii 10 n 


CHg N-O 

/\ 

> i 



Ti igonclhne, mothyl-beUinc 
of nicolimc aud 


Conveiston of\~Nicotine into d\-Nicoime 

As has alieady been stated in the geneial section of this book, a 
numbei of optically active compounds can be lacemised 01 tiansfoimed 
into then inactive modifications by continued heating in solution 

This phenomenon has also been obseived in the case of nicotine 1 
On heating an aqueous solution of the monohydtochloude 01 sulphate 
of nicotine at i8o° to 250° in a sealed tube, the lotation steadily 
diminishes and finally becomes /cio 

(//-Nicotine may be isolated ftom heated solutions of its salts in the 
usual mannei In piopcitics such as boiling-point, specific giavity, 
left active index, smell, solubility and salt foimation, it is identical with 
the natuial Z-iotatoiy alkaloid 


d -Nicotine 8 

This was isolated in the ciudc state during the picpaiation of 
/-nicotine fiom the inactive synthetic compound, and punfiecl by use 
of /-tartaiic acid Its specific lotation [«] 8 ® was found to be -|- 163 17 0 , 

and m boiling-point and othci physical piopertics it was identical with 
the /-tsomendc 

(/-Nicotine is less poisonous than /-nicotine In this respect, the 
different action of the two antipodes towaids the animal oigamsm may 
be compared to the diffcicnt behaviour of optical antipodes m general 
towaids any othei optically active compound, and towards organised, 
as distinct fiom unorganised, feiments 

In addition to nicotine, the llkaloids 1 ntco/eine t nicotimme , and nicolelhne have 
been isolated fiom the tobacco plant 


Compounds of tho ’Propane Series 

Nomenclature — The vauous alkaloids of this gioup contain a 
pecuhai combination of a leduccd pyrrole and a reduced pyitdine nng 

1 Pictet and Rolachy, lUi , 1900, 38 , 2353 J Pictet and Rotscliy, Ber, 1904, 87 ,1232 
8 Pictet nnd Rotachy, Bet , 1901, 84 , C9C Conipl itittl, 188 , 971 A fifth fllkaloul Ins possibly 
been isolated from tobacco, tf Monals , 1902, 28 , 236 
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(Willstattcr), the periphery of the cyclic system forming a seven 
membcred caibon ring 


II >C 


CII 


CII 
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sNCII s aC 
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■CII, 


Derivatives of tropanc aie generally described by use of the 
numbering given m formula 1 1 the compounds being lefened m the 
customaiy manner to tiopane (II ) as patent substance 


In the following list aic given the oldei names in common use foi the mote 
impoitant membcis of this gioup, together with the systematic names lefericd 
to tropanc 


Ilydio tiopidine 
T l opine 
iiopinone 

Tiopigemne 
Norliydro tiopidine 
1 ropiclin e 


CsHjjN 

C ( II, t (OII)N 

CgII 13 ON 

C,H„ON 

C 7 IIj,N 

C,II„N 


tiopnne 
hop mol 
tiopanone 
noitiopanol 
noi ti opanc 
tiopene 


Willsthttei’s 1 syntheses of tiopane and tropanc denvatives aie based 
upon the alkylating action of a halogenatcd gioup on a basic gioup 
of the same molecule Just as an alkyl halide reacts with a pi unary 
amine to yield the salt of a secondary amine, oi wiLh a tutiaiy amine 
to foim a quateinary ammonium salt, so with a lialogcnated base an 
rn.tramolcculai icaction may occur between the halogenatcd portion of 
the molecule and the basic group In such a case the halogen atom 
and the alkyl residue to which it was ougmally united become attached 
by separate valency bonds to the mtiogcn atom, leading to the 
pioduction of a cyclic base in which mtiogcn foims pail of the ling 
Thus a lialogcnated pumaiy base yields the salt of an mime, and a 
tcitiaiy compound yields a quaternaiy ammonium halide A reaction 
of this type is dcscubed by WillsUtlci as mti amolccnlar alkylation 
(compate tile synthesis of 2-mcthyl-i-dimethyl-pyiiolidmium chloride 
from pentcnyl-dimethylamine, p 579) 

InUamoleculai alkylation may also lead to the foimation of dicyclic 
bases, if the addition pioducls of ceitam unsalmated monocyclic ammes 
aie used as staiting mateiial 

Denvatives of tiopane have been synthesised in this mannei by 
Willstalter, stalling fiom a base containing a cyclic system of seven 
carbon atoms, and having a halogen atom m one of the two fl-posilions 
(te positions 4 or 5) to the N-gioup (see next page) 

1 Am, 1901, 817 , 307 
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Tiopane, hydro tiopldine (formula II , p 682), the parent substance of the 
tiopane senes, was first obtained by Ladenbuig by the action of zinc dust and 
hychochlonc acid on tropmc iodide 

C 8 lI i4 IN, III h2II = C a II )6 N p III \ III 

Accoiding to Willst'ittei, tiopane is best prepaied fiom the hydiogen halide 
addition products of tropidme, by leduclion with zinc dust and hydiogen iodide 
in the cold It is also foimed fiom tropinone by tieitmcnt with zinc dust and 
hydriodic lcicl 

Willst ittei 1 has synthesised tiopane by two methods One of these stuts fiom 
the addition compound obtained by union of A* dimethyl unuio cycloheptene with 
hydiochlonc acid When this is gently wanned, it is laigely converted by mtia- 
molecular ammonium salt formation into tropane methocliloude, fiom which, on 
dry distillation, tropane is obtained It is a liquid of boiling point 167 , which is 
sparingly soluble in cold, and still less soluble in hot watei 


N(CtI d ), 
II C-C 1 I—CII 


cn a 1 nci 


iix-on=cn 

A* Dimothylamlno 
cyclohcpluic 


II c 


N(CIIj) 
CII—CII 



I 5 o| 
IIjC-CIICl-OIIo 


ILC 

^ I 



II c 


CII-CH 



CII. —>Trop-me + CII J Cl 
CH„ 


On exlnustive methylation tioinne yields hydro tiopilidcne or cyclo heptadienc, 
Cflljo, the final stage of the degradation being as follows 

G 7 II n N(CII 3 )jOII = C,II I0 H N(CH a ) a HI.O 

Noxtiopane, noxhydio tiopldine, C 7 II 13 N, is formed by distilling Uopane .n 
a stieam of hydiochlonc acid, when the N methyl gtoup is removed as methyl 

chloiidc (Ladenbuig) 


II S C—• CH--C H 

I / C1Ij 

N^ 11 CIIj 

\C 1 

i] a c—on- cii b 

'i'roiinno liydtoolilotldo 


II C-CII-CH a 

Nil CII B d CIIjCl 
II„C——CII-OIL 

Nortropano 


Noi tropane is a Unnsparcnt ciystalhnc substance, boiling about 161 and melting 
about 60° When dish Hid with sum dust it yields 2 cihylpyudme^ a leaction which 
fiist led to the discovciy th vt tropine contains a pyudine nucleus 


CII,-CII-CII 


Ti’oplnoj tropanol, 


N CH e CII Oil 


CII,-CII-CII„ 


'll opine, the basic cleavage ptoducl of most of the Solanaceae 
alkaloids (eg atiopine), is one of the most impoitant dcnvatives of 

1 Ann , 1901 , 817^ Zi 5 
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tiopane It has been mote completely investigated than any of the 
other denvatives, with lesulls which gave the first insight into the 
structure of the tropane ling 

Fo) mation and Pioperties of Tiopine 

Tropme was fiist obtained by the hydiolysis of atiopmc with 
barium hydroxide (Kraut, 1863), and was latei isolated 111 a similar 
mannei fiom hyoscyamme (Ladcnbuig) and belladonninc (Moiling) 
Willstatter prcpaied tiopine by the reduction of tiopinone, 1 and finally 
effected its synthesis 

The base, which is optically inactive, ciystallises fiom absolute 
ethei in laige plates, mp 63°, and bp 229 0 It dissolves leadily in 
watei and alcohol, giving solutions with a stiong alkaline leaclion 

i^-Tiopine, descnbed latei, is a geometrical isometide of ti opine 

Constitution of Tropme 

A summaiy of the leactions fiom which the constitution of tiopmc 
has been deduced is given in the table on p 685 The chief points to 
be noted are the following — 

Proof of the piesence of an alcoholic hydroxyl gioup in ti opine is 
based on the tiansfoimation of the lattci into tiopidinc by simple 
removal of watei Since tiopine is a tertiaiy base, and thus contains 
no hydiogen attached to nitrogen, it must be the hydiogen of this 
hydroxyl group which is replaced by an acidic ladical in the alkaloid 
ati opine 

That tropme contains a pyndine nucleus follows from the conversion 
of tropidine into dibromo-pyridme and «-ethyl~pyndine 

The piesence of a seven-membered carbon ung in troptne is shown 
by the conversion of Uopidine into tropilidenc 01 cycloheptatnene on 
exhaustive methylation, 2 and also by the degradation of ti opinic acid 
to noimal pimehc acid* (see p 58 i) 

Willstattei lias conclusively piovcd the existence of a pynolidmc 
nucleus in tiopine by an examination of the degiadation pioducls 
formed on oxidation Tiopinic acid was identified as i-methyl- 
pyriolidine-2-carboxyhc-S-acetic acid, and by energetic oxidation 
was conveited into N-mcthyl-succinimide (p 581) In this manner the 
pyrrolidine nucleus was isolated fiom tiopine in a simple, well-known 
form 

In establishing the above foimula for tiopine, a factor of pnme 
importance was the obseivation that tiopinone, the pi unary oxidation 
product of tropme, readily yields a dibenzal-compound and a 
di-isonittoso derivative, and must therefoie contain the group 
—GIT a CO CH 0 —, (see p 685) 

1 Willstatter and Ighuer, Be> , 1900, 88, 1170 •* Moiling, Bn , 1891, 24 , 3110 

5 Willstatter, Bn , 1898, 81 , 1534, 1542 
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Synthesis of Tropino 

Willstatlei’s synthesis of tropinc is divided into two paits the 
synthesis of liopidmc and its conversion into liopine 

(a) Synthest s of 71 opidinc 

1 lus synthesis has been effected in two ways, only one of which is 
described hcie 1 

In the main this is a rcvcisal of the stages by which tropinc may 
be degindtd to an unsaUualcd hydiocaibon containing a nng of seven 
caibon atoms The slai ling-point is suberonc, obtained fiom suberic 
acid, and the synthesis piocccds in the following steps 

1 Subcione is conveilcd into cyeloheptene and thence into 
cycloheptadiene and cycloheptaltunc 

2 Cycloheptatiunc is convcited into dimclhylamino cyclohepta 
diene, which is then i educed to dimclhylamino cyclohcptenc 

3 I he hydiogen halide addition pioduet of this monocyclic It opine 
base is linnsfoimcd into a dieycllc tiopanc-mcthyl-ammomum salt, 
which on disLillalion yields tiopidine 


i Synthesis of Cyclo/iip/aftlette 

Kubcuc acid, winch cm be obtained fimn (jlutaue acid by the elec Only Lie method 
ofCmm Bunvn and W.ilkci, n cunvuUd into the calcium salt nncl distilled llic 
snh’totie t oi cyclohcpt mono, piojiaicd in this way is fnsl ton veiled into tin 
hydiocarbon lyclohtfienc, oont lining one double bond 


tdl, CIIj 

OH. t^b 

bilbntoi in 


( 0 

(lib 

nb 



GII.-CIT, 

on 

II 


GU 

GlI^ -CII,, 

tin 


OyclohupLoim 


Tim ctin be accomplished cuthci by ticitmg suboiyl iodide with .ilcoholic 
polnsh (Mftihownikorr), 01 hy the exhaustive mcthylation of subcrylumnc (ammo 
cycloheptane) obt lined by the lcdtu turn of subeionc oxime (Wilht'ittci) 

A second double bond is intincliued into the molecule by allowing cyeloheptene 
(hbionudct dissolved m mdifCuoU solvents, to icact with dimclhylamino In this 
nnnnci an unsatuialcd base &*-<hmcthylamino eyclohcfitem is foimocl, accouhng 
to the ecjuation 


CIl a OH, CIIHr 

I i 

Ollllr \ aNIICCIIJ, 
Gib- CTV-CItu 


Bib NCCIbl, IlUr 

Gil I NII(CIb)«» IIHr 

Gib I'TTf-t II 


1 his base may be convcited into the quateinaiy ammonium hydioxide, winch on 
distillation decomposes into Itimathylammc and cycloheptadiene 


cn H -^ui r ui- Nccu^on 

GJI — IIjO l N(GIT,), l 

GOa-tdlj Oil 



CII—Oil 



Gilo—CII a —CII 


1 Wlllst Ulci, Ann , igoi, Bi* 7 , 307 
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The dibiomidc of cycloliept idiene can be convcited into cyclohcptatnene by 
vanous methods When heated with quinoline, foi example, hydrogen bromide 
is lemoved and a quantitative yield of cycloheptatiicne is obtained 


CII —GIIBi—CII 

^ J ■ 


CII=GII~CII 


CII i aC D II*N = aC D U 7 N, IIBi \ 


ClIBr 


on 


cn 

CII—GII 


CIL—CIIj— 

rhe synthetic cyclohcptatnene pioduccd m this way from suberone is 
in all lespects with the tiopihdenc pie pared fiom ti opine 


identic il 


2 Conversion of Cycloheptainene info 7 ropuhne 


Cyclohcptatnene liydrobiomide, which is foimed by tleatmg the hyehoembon 
in the cold with one molcculu piopoition of hydiogen biomide, icacts readily 
at oidinuy tempei ituies with dimethylanune in benzene solution, with the 
production of dtmethylannno eyeloheptadicue 

When the lattei is reduced with sodium in alcoholic solution it passes into 


dunethylamino cycloheptene, the doubly 
of hydiogen, accoidmg to the equation 

NCCIIO, 

Clio-CII-CII 

* V 

CII h IL, 

CII a -CII=—CII 

DImothyJamino oyclolioptftdtono 


unsatmated base taking up two atoms 

N(CII 3 )3 

GII 3 -GII-Clio 

CUfl 

CHo-CII-=GII 

1)1 mo t h y 1 am 1 tio cy cl oil op t nno 


Dunethylamino cycloheptene m acid solution adds on biomine to foim a 
dibronude, which, on being wanned, iapidly uiulcigoes reanangement into 
4 bromoliopane methyl itmnomum biomide Under the mnucncc of alkali this 
substituted ammonium salt lcidily decomposes into hydiobiomic acid and 
tiopidmc methyl unmonium biomide When the lattei is conveited into the 
chloudc and submitted to dry distillation it fields tiopidine 
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CII i-CII 


CII 


'I ropltHuo 


(b) Couve.}sion of Jiojndme into 2 1 opine 

liopidinc may be convcited into i/z-ltopinc by way of its hydrogen 
biomide addition compound, %-btomotiopane When this is heated 
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to 200° with sulphuric acid in a sealed tube it yields \\r-ti opine 
(Willstattei) 

S ince \js ti opine can be transformed into tropine (see below), the series 
of reactions just descnbed constitutes a complete synthesis of ti opine, 
and therefoie also of the solanine alkaloids ati opine, att opamine , bcHa- 
donmne, and hyoscyamme, and the coca alkaloids tiopacocame and 
r-cacame This is treated in more detail undei the individual alkaloids 

s 

■^-Tropine, pseudoti’opine, has the same constitution as its lsomeude 
ti opine, the relationship between these compounds being of the cis-tians 
type, similar to that existing between boineol and isoboineol (see 
p 476 et seq) Kutthei examples of the same kind will be met with 
m the tiopanc series The lelationship may be lllustiated by the 
following space faimuke 

II 2 C-CII-CII 3 H 2 C-CH-CII 2 

NCH a IIC OH NCII a HO Oil 

1 

n 2 c —cii- cn 2 h 2 c—ch-ch 2 

i//-Tropinc boils at 240° to 241", and ciystalhses m needles of melting- 
point 108 0 It is optically inactive, and icadily dissolves in alcohol 
and water to give strongly alkaline solutions The base can be 
identified and sepaiated fiom ti opine by means of its piciate} 

C 8 H 16 NO, C q H 2 (N 0 2 ) 3 0 II 

i/i'-Tiopine was discoveied at a much latci date than tiopine and 
is less readily prepaied It can be obtained fiom the latter in two 
ways, viz, dnectly, by heating it with a solution of sodium ethoxide, 
and mdnectly, by oxidation to tiopinone and 1 eduction with sodium 
and alcohol a Conversely, Aj!r-tiopine may be conveilcd into tiopmc 
by oxidation to tiopinone followed by teduction with zinc dust 
and hydnodic acid 3 As already mentioned, the last icaction is a 
vital link in the synthesis of tropine and alkaloids dcnved fiom it 

Tropinone (Tropanono) 

II 3 C-CII-CH B 

N CH. CO 
H 2 c -CH-CII 2 

Tiopinone is the ketone corresponding to the alcohol tiopine 

1 Willst’ltter, Ann 1903, 820 , 41 J WillstHUcr, Bet , 1896,20, 93C 3 Bet , 1910, 83 , 

II^O 
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It was obtained simultaneously by Willstaltei and by Ciatmcian and 
Silber by the oxidation of tropine with chiomium trioxide in glacial 
acetic acid solution, and lesulls in a similai mannei fiom \/y-ti opine 
and from ecgonme On furthei oxidation it yields tiopimc acid 

Tiopinone melts at4i° to 42 0 , boils at 224 0 to 225°, and ciystalhses 
in long, flat needles It is stiongly basic, and displaces ammonia 
from ammonium salts Its vapour forms white fumes with hydrochloitc 
acid gas 

The following synthesis of tropt none was earned out by Willstattei 1 
N-Methylpynole-2 5-diacetic estei is 1 educed with hydiogen 111 piesence 
of oxygenated platinum black to give N-methylpyiiolidme-2 5-diacetic 
estei® (I) The lattei with sodium elhoxide undergoes mliamolecular 
acetoacetic ester condensation to form tropinone carboxylic estei (II), 
which on warning with dilute mineral acids gives tiopinone 

CII 2 -CII-CII CO^Cgllji 

N cir a CO 

CIIj-CII-CII a 

II 


CII 


a' 


CII 


3’ 


CII—Clin COnC Jig 

CII 8 

■CH—CII. C0 2 C 2 II n 

I 


A remaikably simple synthesis of tiopinone has iccently been 
devised by Robinson 8 Succindialdehyde—ptepaicd fiom succmdial- 
doxime and nitrous fumes—was allowed to interact in aqueous 
solution with acetone and mcthylaminc After the lapse of half an 
hout at the oidinaiy tcmpeiature tiopinone was found to be piescnl 


CII,-CIIO 

nii 2 cii„ 

CII a -CIIO 



CHa— 

—CII- 

-CII, 
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NCIIg 

CO H aII a O 
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Clio— 
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In an expenment in which the calcium salt of acetone dicarboxylic 
acid was employed in place of acetone, a yield of tropinone amounting 
to 42 pci cent of the theoiy was obtained The tiopinone dicarboxylate 
fiist foimed readily pails with two molecules of caibon dioxide on 
being healed in acid solution 


CITj CIIO 
CII a CIIO 
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CO - > 

CII 2 COOca 


1 WilhtIUter Tnd Bommer, A ft ft, 1931, i$ 
61 , 767 * Robinson, f C S', 1917* 


9 Willstattei rnd Jaqtict, Btf , 19181 
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CIJ 2 -CII-CII COOca 

NMc CO 

l I 

oil,-CII-CII COOui 
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—CII — 
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On the ease with which these leactions pioceed, Robinson has 
based a theoiy of the mechanism of the phytochcmical synthesis of 
certain alkaloids m plants 1 

Mention has alicady been made of the existence of a nutnbci of 
dcnvatives of tiopinone which point to the latlci containing the gioup 
CII 2 CO CH g (see pp 684 and 685) These cannot be descnbctl 
fuilhci, but fiotn then occuuencc it followed that tiopine contained 
the gioup CII, CHOU CII 2 , and also, when olhci facts wcie taken 
into account, a pyiiohdme ung Hence Will&taltei’s investigations 
on tiopinone denvativcs had an impoilanl beaiing on the constitution 
of tropine, as well as on that of atropine, cocaine and other alkaloids 

Behamom of Jtopmone on Reduction* —The best lcsults wcie 
obtained by leducmg tiopinone in the cold with zinc dust and 

hydiiodic acid (sp gi 1 7 to 1 96) In this way a good yield of ti opine, 

togethei with a smallei amount of ^-ti opine, was isolated Since 

tiopinone can be obtained by the oxidation of \js ti opine, it is thus 

possible to pass fiom i/z-ttopine thiough Lropinone into ti opine, a 
change which cannot be effected in any othei mannci, and which lias 
been of value in connection with the synthesis of ti opine, ati opine and 
othei compounds 

Tiopinone has also been obtained by the oxidation of eegonine, a 
hydrolysis pioduct of cocaine and tiopacocatne The 1 eduction of the 
ketone to ti opine thcicfoie makes it possible to conveit ttopacocaine 
or cocaine into ati opine 

Cocaine->• eegonine->- tiopinone-ti opine-^ altopine 

It should be mentioned, howcvci, that the lelalionslup between 
cocaine and atropine had been shown much cailiei by Iiinhoin, by 
the convcision of anhydio eegonine into tiopulmc (sec anhydi'o- 
ecgoninc) 

Ihe leduction of tiopinone with zinc dust and hyduodic acid, even 
at veiy low lempciaUucs, pioceeds beyond the formation of the alcohol 
base and finally yields tiopanc 

When 1 educed with sodium in moist etheieal ot in alcoholic solution, 
tiopinone is converted into \js-tiopine, the same icsult being obtained 
1 / use of sodium amalgam in weakly acid solution 8 

1917,111 1 876 WillBUitlcr and Iglauer, Bei , 190O) BO, 1172 Ann , 1903., 
9 WiUsiHtter, be} , 2 D> 936 
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Ecgonines, 3-Hydroxytropane^-Oarboxylio Acids 

ILC-CH-CII—COOH 

I I 

N CII 3 CH Oil 

I I 

H 2 C-CH-CH 8 

Ecgonme, as will be seen above, contains four asymmetric carbon 
atoms and should therefoie exist in 16 optically active fotms As, 
howevei, the >—CII a CH a —budge united to the piperidine ring can 
only be attached m the ^-position, the nurnbei of possibilities is 
1 educed to S So fai only two of these aie known, vi?, oidmaiy 
/-ecgonme and the c/-ecgonme (rf-pscudoccgonme) pioduced fiom it 
by the action of alkali To these must be added synthetic, optically 
inactive ;-ecgonme lhc /- and rf-ccgonmes aheady known aie not 
optical antipodes, but possess specific rotations of diffeient magnitudes 
If we tccall the behaviour of inactive tiopinc and i/y-tiopine towaids 
alkalis, it seems highly piobable that / ecgonme conesponds to the 
alkali-labile tropine, and </-ecgonmc to the alkali-stable gcomeliical 
lsomeridc \/Miopine The stiuctuial diffeience piobably depends 
on the lclative positions of the hydioxyl and N-melhyl gioups In 
accotdancc with a pioposal of Willstattei, 1 it might be moic satis¬ 
factory to extend the above nomcnclatuic by descnbing dextioiotatoiy 
ecgonme as ecgonme, m distinction to oidmaiy 01 /-eegomne, 
01, in gencial, by dividing the eegonmes and the cocaines dcnved fiom 
them into the ecgonme senes and the pscudoccgoninc scucs, nccoiding 
to the oiicntalion of the hydioxyl gtoup 

/-Elogonine, C 0 IIj 0 NOj+ Il a O, is the more inteiesltng of the optically 
isomcnc ccgomnes, since fiom it is duivcd the unpoitant alkaloid 
/-cocaine (methyl estei of ben/oyl-ccgomnc) 

Constitution of llcgomne —The presence of a pyndme ting in 
ecgonme was established by Stoehis, who obtained a-ctliyl-pyiidine 
by distilling the alkaloid with /me dust I he stiuctuial similanty 
between Uopine and ecgonme, te, then dcnvation from the same 
patent substance, followed fiom Emhotn’s discovery that when anhydio- 
ccgomne is healed to 280° with hydiochlotic acid it decomposes 
into cat bon dioxide and tiopidtnc (p 694) This lesult was also 
deduced fiom the iese.uches of Licbcimann, who convened ecgonme 
by oxidation with chiomic acid into (/-tiopinic acid and ecgonmic acid 
In this reaction Uoptnone occuis as an intei mediate pioducl The 
vaiying opinions as to the constitution of tiopine have thcicfoic also 
had then lcfiections on that of ecgonlnc Dchmte pi oof that the 
hydioxyl gioup occupies the same position m ecgonme as in tiopinc, 
and that the caiboxyl gtoup is attached to a ncighboming carbon 

1 Am , 1903, 020, +7* 
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atom, as indicated in the above foimula, was supplied by the work 
of Willstattei and Mullei 1 It was found that on gentle oxidation 
with chiomic acid ecgoninc could be converted into tropinone, te , into 
the ketone which is the primal y oxidation product of tropine and 
i/r-tiopine, and fuither, that the behaviour of ecgontne was not that 
of an a- oi y-hydtoxy acid Hence the carboxyl and hydroxyl groups 
must occupy the / 3 -position to one another, and ccgonine is therefore 
a jS-carboxyhc acid of tropine Its degradation to N-methylsuccimmide 
has alieady been desctibed on p 581 

When warmed with alkalis, the methiodides of /-, d- and if-ecgonine 
esters break down into |3~cycloheptatriene-carboxyhc acid, as follows — 


II 8 C 


h 2 c 


CH 


$ 


/CII B 

<CH‘, 


CPI 


CH COOCHj 
CPI Oil 
-CHp 


HC—=CH-C COO PI 


CH + NH(CII 9 ) 2 III 

I + CH s OH 

HC——CII-CH 2 


Ecgonine possesses the properties of an amino acid, foiming salts 
with both bases and acids The presence of the caiboxyl gioup 
is not shown by any acid inaction, but is revealed in the stability 
of the alkali salts towaids carbon dioxide, and the pioduction of 
esteis on treatment with alcohols and hydrogen chloride The 
alcoholic hydroxyl group may be detected by the formation of 
esters on tieatment with acid chlorides and anhydudes, and in the 
ease with which the compound paits with water and passes into 
anhydro-eegonme (ecgomdine) 

Ptefiaiahon of \-Ecgonme -—/-Ecgonine is obtained by hydiolysing 
/-cocaine with hydrochloric acid, dilute sulphuric acid, 01 barium 
hydi oxide Similaily, the uncrystalhsable mixture of paitly amorphous 
bases, obtained in quantity as a by-pi oduct in the isolation of cocaine 
from coca leaves, also yields /-ecgonine on hydrolysis 

The preparation of ecgonine from cocaine residues is of value 
m the technical production of cocaine, since ecgonine can readily 
be convetted into cocaine 

/-Ecgonine crystallises in monoclinic hemimoiphic pi isms 
(+t mol II a O), which become anhydrous at 120° and melt with 
decomposition at 198° 

ri’-Eegonine, (//-^-ecgonine), was first obtained by JEinhorn by 
warming ordinaly /-ecgonine with concentiated alkali It also 
results from the treatment of cocaine, benzoyl ecgonine, or the 
alkaloids accompanying cocaine with caustic potash, when the 
/ ecgonine first formed undergoes molecular rearrangement Lieber- 


1 Bti , i 8 g 8 , 31, 3655 
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d.scovc^d bvT ‘ ° btained 1 aS a fiSSl ° n product of the became 
niscovcied by them among the coca alkaloids It forms monochmc 

pi isms or plates of melting-point 264° 

WinsUlf P Ti inei i! he /n Cem,C COm P° und - was P‘spared synthetically by 
cocaine ° ° Wmg manner ' thus completmg the synthesis o^f 

Sodium tiopinone, suspended in ether, unites with carbon dioxide 
a loom emperature to give sodium tropmone-carboxvlate This 
compound can be obtained more readily by the simultaneous action 
of sodium and carbon dioxide on the amino-ketone When the 
ciude tropmon e-cat boxy late is leduced m cold, faintly acid solution 
with sodium amalgam it yields a mixture of two isomeric compounds 
having the composite of eegomne but of different constitutions, viz ' 
■y/'-liopinc-O-carboxyhc acid and r-eegomne Only the latter is of 
mlcicsl in this connection, and its formation is probably due to 
pail of the sodium tiopinone reacting as the ketomc salt (cf accto. 
acetic cslei) and thus yielding tropinone j8-cai boxylic acid, which 
on 1 eduction passes into r-eegonme, as shown below — 


II ,C-CII 


N CII 


8 


IIoC-CII 


CH Na 
O 


CH, 


II,C 


H.C-CH 


h 2 c 


I-InC 


CII 


CH- 

I 

N CH. CO 


CH 


CH COOH 


N CHo CH OH 


CH 


Eegomne 


CH COOH 


CH 


A fmthei synthesis of 7-eegomne was carried out by Willstatter 2 
ill (onncclton with the synthesis of tiopinone described on p 6891 
ti opinont'-caiboxylic eslci being conveited by reducing agents into 
the esltt of /-ccgonmc 

/ lugoninc contains foul asymmetric cat bon atoms and is not 
afftctid by heating with alkalis It crystallises with 3 mols H a O 
tuid nulls with decomposition at 251° 


a licjromtie , 3 IIyd) ovyi) ofiave 3 Carboxylic Acid 

Hcfoic the constitution of l eegomne was known in detail, an attempt had been 
made to synthesise the lacenuc compound fiom tropinone As a ketone, the latter 
mutes with hydiogen cyanide to fotm tropinone cyanhydrm This on hydrolysis 
yields a compound of the composition of eegomne, fiom which it differs in having 

1 Wilbtnttcr nmt Uode, Ann , 1903, 823 ,47 3 Willstatter and Boramer, Ann , 1921,422, ij 
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the cniboxyl and hydioxyl gioups both illuhod to the snmo ( uhon .Uom I 01 
tins stinctiu.il tsomcnde of ctgoumi Willsi’ittci pioposul tin 11.11110 « tegonuu 


II„C-CII-C 1 I 


o 


II .C-CII-C II 


N Cl I, CO -->- 


n a c—cir—-cii 

Trofitnono 


lI a C-UI— ( II 


N CII , C 


II.C 


^-OII 

^CN 


-s- 


jw—*— Oil-Ollj 

'i roplnono oy<mli.ytlriii 


i ? 111 ■ S <couii 


11 f - 


( 


on (ii u 

tt l r 4 KOlillH) 


On bcn/oylaljon, the methyl lsIci of « eegmum m ton veiled into a t <k ,uno 
(see p /oo) 1 In only inKicst of lhe»t a {(impounds lies in the pm l they hav< 
played in fm (tuning oiu knowledge of the (oust iluL ion of t < gonmo *Smc e « u go mm 
was not identical with oidmaiy ecgomno, it followed tint tho cuboxyl gioup in 
the latle i could not occupy tho « position 

In chemical behaviom « ergonmo and its deuvatives diHcr maikcdly Horn 
oidmaiy ccgomnc Whucas the methiodulcs of the ccgonme gmup, bung 
P betaines, me easily decomposed by alkalis, those of the « eogomm gump, being 
7 betames, exhibit gicat stability 


Vropldluo (Tropono) 

Itopichnc (foimulti, see p 687) lias been mtnUoiKd fioqiunlly in 
the foicgoiny pages It was fust piepaied fiom ttopnu l)yluatmgit 
to i8o n with fuming hychoihloiii aud and glacial at die aud.oi with 
suiphunc acid (I adenbutg) Accoidmg to Kinhoin, it is also fountd 
by heating anhydio ecgtmmc (Uopene-?-uubovylK acid) with coil- 
centiated hydiocldouc ricid to 280°, when call urn dioxide is clummittd 

C fi II lft (COiII)N u. C 0 2 l C rt II 10 N 

Anhydro cegomne 1 rapid me 

Tropidinc is fuithei formed by beating \fr-h opine with glacial acetic 
acid containing hydioohioric 01 suiphunc acid 

Cocaine -> cegomne ->• anhyd) o-cigomne v. 

At 1 opine -> t)opine ttopuhm 

Ihe syntimes of Uopidme earned out by Willslallei have aheady 
been desenbed Ihesc arc of gieat tinpmlance, since Uopidinc may 
be convened thiough 'i/y-tiopine into Uopine (see pp ^87,688), and also 
into 1 -ccgomnc In this mannei scveial alkaloids of the dopant* senes, 
paiUculaily atiopine, aic accessible fiom the synthetic side 

Properties of 2 1 opuhne —•'J.iopidine is a liquid base with a stupefy¬ 
ing odour like that of comine, II boils at 162° to 1G3 0 (con ) and is 

less soluble in hot watei than in cold The aqueous solution turns 
litmus papet blue 

When ti eated with excess of btominc at 170° to 180°, tiopichne 
yields ethylene dibiomidc and dibiomo-pyridinc (Ladenbuig, 1883) 
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On exhaustive methylation tiopidme fiist gives a-inethyltroptdine y 
and finally, by distillation of «-methyltropidine-methylammomum 
hydioxide, it yields tfopthdene 01 cyclohcptaUtene 1 (see p 687) 

C r II n N(CIIc l ) 0 OII - C 7 II 8 + N(CII 8 ) ft \ H a O 

Alkaloids of the Tropane Series 

To this gioup belong the alkaloids of the Solanaceae and the coca 
alkaloids 


1 ALKALOIDS OP THE SOLANAOB^U 

In many mcmbcis of the Solanum family, such as Atrofia belladonna 
(Deadly Nightshade), Datiua sitamonmm (Thom apple), Hyocyamus 
nigei (Henbane), aic found a numbei of alkaloids closely 1 elated to one 
anothei m their piopeitics and chemical constitution Chief among 
these ate two isomcucics of the composition C l7 II 2ii N 0 3> vi/, optically 
inactive aitopme and lacvoiotatoiy hyosiyannne 

ALopme is actually the laccmic modification of hyoscyamine 

Accompanying the above aic found the following less completely investigated 
Solanum bases 

AUopaminc , C] 7 IL|N0 3 

Belhdonnme C^H^NOa 

Ilyoscinc oi scopolamine C 1T II J1 N0 1 

Atropine, tropine ester of rfAtiopic acid 


CII a -Oil—-CII 2 

n cn a cn 0 co 

I I 

cn 2 —cn-ciL. 


CII—C a II 5 
CII 9 Oil 


Ihis btiijc occuis in the Deadly Nightshade ( Ahopa belladonna ), m 
Datuta sitamontum, and in the loot of Scopohajapomca 

Accoiding to Mean, 1000 paits of dued belladonna loot contain 
about 3 3 paits of atiopine, which is isolated by e\tiaction with alcohol 
All opine is optically inactive and ciyslallises fiom alcohol and 
chloiofoim in pi isms, mp 115 0 to 116° It has a sharp and bitlci taste 
and is a stiong poison Owing to its piopcity of dilating the pupil 
of the eye (myth lasts) it is extensively employed in medicine By 
its use it is possible to counlciacl the stoppage of the heail caused 
by muscaime 

Inactive aliopme lcsulls fiom the lacemisaLion of its steieo- 
lsomeiicle hyoscyamine, (i) when the latlei is heated to no” m absence 
of an, (2) on being tieatcd in alcoholic solution with a few diops of 
alkali, oi (3) spontaneously in the com sc of Lime 

When tieated with mine acid, and also when warmed with acetic 

1 Merlmg, Ihi , 1891, Si, 3109 WiHstattcr, Ihi , 1898, 81 , 1531 
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or benzoic anhydride, oi phosphoius penloxide, atropine loses a 
molecule of water and yields apoat) opine, C 1? H 21 N 0 2 , which has been 
found to be identical with the naturally occumng atropamine llie 
lattei crystallises in pi isms, mp 6o° to 62°, and does not induce 
mydriasis If atropine is heated to 13O 0 , it loses watei in anolhei 
manner and a ceitam pioporlion is converted into belladonmne, an 
unciystallisable mass with the appealance of vainish 

At) opine salts have only a low power of crystallisation All opine 
sulphate (C 17 H 23 N 0 3 ) a H 2 S 0 4 +H a 0 , which is employed in eye suigety, 
is obtained in crystalline condition by dropping sulphuric acid dissolved 
in absolute alcohol (1 10) into ati opine (10 parts) in diy cthcieal 

solution The sulphate separates in the foi m of needles 


Constitution and Synthesis of At)opine 

In 1863 Kraut discovered that ati opine, on being boiled with 
aqueous baryta, decomposed into Uopme and atiopic acid 

A year later it was shown by Lossen that the pnmaty pioduct of 
decomposition was not atropic acid, C 0 H 8 O 2 , but tropic acid, Cnl-I^O,), 
and that the lattei was then converted into the former by loss of 
1 mol water Consequently the change undergone by atiopmc is 
merely the hydrolysis of an ester into acid and (basic) alcohol 

C lT H 28 N0 3 + H a 0 = C 8 H 1D NO + C 0 H 10 O 3 

Atropine Tropine Tropic ncid 


By reversing the above process Ladenburg, 1 in 1879, effected a 
partial synthesis of atropine On treating tiopine tiopatc with 
hydrochloric acid he succeeded in regenerating ati opine, thus pioving 
it to be the tropine ester of tiopic acid 

The pi oblem of the constitution of atropine therefoi e 1 esolved itself 
into two parts the study of tropic acid and that of ti opine 

The structure of tiopic acid was soon cleared up and the compound 
synthesised by Ladenburg and Rugheimei 2 It is, however, mole 
readily prepared by the synthesis of E Mullei, in which plienylacetic 
ester, C„H 6 CH a COOC 2 I-I B is condensed with formic acid to give 

fo)myl-phenylacetic ester This on reduction with aluminium amalgam 
yields t) opic este) 3 


/CH O 
CoH 6 CH< 

N COOC 2 H fi 


/CII a OH 

> C 0 H fi ch< 

x COOC a H fi 


Another method of preparing this important acid is that due to 
McKenzie and Wood 4 Acetophenone is converted into atrolactinic 

* Btr , 1879, 12, 941 , ig, 104 Aim , 1883, 21% 78 Wolffenstein and M'unlock, Be> 
190B, 41 , 723 Btr , 1880, IS, 373 Spiegel, Btr, 1881, 14 , 236 Kraut and Merlin#, 
Btr , 1881, 14 , 330 Ann, 1881, 209 , 3 8 E Muller, Btt , igi8, 61 , 252 "W Wislicenua 

and Bilhuber, titd , 1237 4 McKenzie and Wood,,/ C S , 1919, 115 , 830 
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acid, which on being heated under diminished piessure gives atropic 
acid The lattet unites with HC1 m ethereal solution to form / 3 - 
chloiohydi atiopic acid, which finally yields tropic acid on being boiled 
with aqueous sodium caibonale 



C 0 H, 
LI I. 


coon 


Alioptc TLill 


-> >CH COOH 

Cl CH/ 

Chtoro hydratropic tckI 



The picsence of an asymmetuc caibon atom in tropic acid indicated 
the possibility of icsolving the acid into its active components, and thus 
of picpanng optically active atropines The lesolution of tropic acid 
was effected by Ladenburg by means of the quinine salt, and from the 
active components the active attopmes were then built up By using 
other acids m place of tiopic acid Ladenbuig prepared other esters of 
ti opine, to which he gave the collective name of tropemes These 
ailifitia! alkaloids are described below 

It was not until much later that the stiucture of the alcohol tiopme i 
the lcmaining hydrolysis product of atropine, was successfully elucidated 
and its synthesis accomplished This has been described in detail on 

p < 38(3 et siq 

Hence the complete synthesis of atropine involves the following 
stages —i Synthesis of glycerol 2 Glycerol into glutaric acid 
^ Gliit.u ic acid into suberone 4 Suberone into tropidine $ Tropidine 
into tiopine 6 Synthesis of tiopic acid 7 Atiopine from tropine 

and tiopic acid 

F01 the 1 elationship between atropine and cocaine , see pp 686 to 695 

Homatropino 01 pheuyl-glycolyl-t)opeine ) C lQ H 21 N 0 3 > is by vntue of 
its physiological action the most important compound of the tropeme 
gioup aftci altopine and hyoscyamme It is prepared from ti opine 
atltl m.mdelic at id, and ciystallises fiom absolute ether in transparent 
pi isms which ate deliquescent and melt at 95 5° to 98 5 0 Homatiopme 
hvdiobioinide, C ia II 2l N 0 8 ,IIBi, crystallises m ihombic plates and is only 

inodtialoly soluble in cold watci 

In the form of its hychobiomide, homatropine possesses almost as 
poweiful an action m dilating the pupil of the eye as atropine, but the 
effect disappeats compaiatively rnpidly It behaves similarly wit 
respect to the patalysis of the power of accommodation Homatropme 
is a much wcakei poison than atiopme and is also used in eye 

suigciy 1 

1 I mknburg, Ann , 1883, 217 , 82 Jowett and Pyimn,/ C S t 1909, 86,1090 
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Accoidtng to the investigations of T adcnhuig and Volkuts the 
mydnatic powei of the tiopotncs is not soltly dependent on the 
ptcsenco of the tiopine icsiduc in the molecule, it is also neeessaiy 
for the laltci to be united to an acid containing an alcoholic hydioxyl 
grouping 1 Some exceptions to this statement aie known 

HyofJoymnlno, I 1 > opu J< r to of 1 1 oft ml 

liyoseyamine wa3 first ptcpaucl fimn hcnluno, and imuiis a) >o in a miinhi t »( 
othei plants It lias bc.cn found 1>y Dunstnn md Ihmvn 1 in ilyovvamm mu/teut, 
and by I horns and Went/cl 1 m mandi igom mot 

It ctystalliscs fioin ilcohol in needles, in p 108 5 , and uscmblcs nliupnw in its 
shaip, pciioiintmg taste ind mydriatic action llu* main dilteiewe betuem tin so 
two alkaloids lies 111 the l.ievoioUUmn of liyobcymntno ns compiled with the optical 
inactivity of atiopine 

'I he cnnvetsion of hyoscyammc into atropine (incemisation) may ho eflci ted 
by fusion, 01 by the addition of a small amount of alkali 10 an ah oholit solution 
of the compound It has also bc.cn found that the elmngo takes plain slowly, 
without nppicciablc hydrolysis, when liyosc yamme is allowed to aland in aholiolic 
solution, 1 and 13 accclcwilcd by the addition of tiopine Since 1 fiyosc yimitiic 
uiulctgoes hydiolysis in acpicous solution, even at the mdmmy It mpi iiituic, to 
fonn /-tropic acul and inactive 11 opine, it follows that the tunvusion of b>osi yamtnc 
into attopinc is duo to alteration of the liopic acid component llua change is 
now known to bo due to me causation, the lacunir naliiie of the inactive tropic 
acid fiom atiopme hiving been established by usolution 

Additional ptoof that the isomcnsm of aliopinc 1 nnd liyoseyamine dope nils 
solely on the inactivity 01 activity of the uopie and icsiehiu lias been supplied 
by the convetsion of atiopino into <1 and / hyoscyatnines I his was fust effected 
by hydrolysing comnieinal atiopme into lio]iuic and tiopii a* id, tesoUmg the 
latter, and uniting the d and / Uopie acids sepaiatoly with tiopine to give d and 

/ hyoseyaminos * Banowrlifi and lutin" also icsolvcd titiopbtu dutclly, by use 
of d camplior-sul phonic and 

liyoseyamine can theiefoio bo synthesised by stages smulni to those used m 

the case of atropine (p, 697), the final combination being with / tiojur acid m place 
of the laccmtc compound 

Dehydiating agents convert liyoseyamine into at> of atm >u and Mhufomttm 
IUcsq alkaloids aic also obtained m the same way fiom atuipinu (sec p 6y6) 

The optically tsomcitc alkaloids hyosoluo and doopoltunluo, 
C^IIjuNOj, ate also found in plants of the Solanucco! family Scopo¬ 
lamine (inp of monohycli ale, 59°) is lacvoiotatoty, and with alkalis 
ta teadtly taccmtsed to hyosune O11 hydiolysis scopolamine* yields 
tiopic acid and scofohne i but it is not the scopolinc cslci of tiopic 
acid. Recent work by Hess and Wahl 7 points to the alkaloid being 
the tiopic cstci of a symmclilcal base which is ismnmc with scopolinc, 
and into which it tsomcitscs eluting the ptoccss of hydiolysis 

Scofoltno , Cgll^gNOg, strongly resembles tiopine, in its 

1 Compare also J v Braun, O BmunsdorfT and K U till, lit> , igaa, 60 , i6C6 “ / 6 S, 
1899, 76 , 72 Z£e> , 1898, SI, 203 r * Gad imor, / 6 S , 1901, 80 , A, i, Gog ° Amonoinlyn, 
J C o, 1903, 84 , A, 1, 109 • Barrowcllff «nd Intm, f C £>, 1909, 06 , 1966 » K Ilei# 

nnd Wahl, Jl«t , 1932, 66, 1979 Willautlior and Berner, Bet , 1923, BO, 1079 
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piopcrlics With HBi in glacial acetic acicl it gives an addition com¬ 
pound which is leadily 1 educed to dihydio scopolinc Ihe lattei, when 
heated with conccntiated hydnodic acid, is 1 educed fuilhei to tropanc 1 
This leaction establishes the constitution of the caibon fiamewoik of 
scopolinc, and the close iclationship of the compound to ti opine 


IIO CII -CH- GIL 

l ^ 

; N CII, c IL 

I I 

IIO CII-GII-GIL 

Dihydro stopolinc 
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:ii 2 — 
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-GII, 
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CII 

-CII, 


1 rapine (scopolmi.) 


Scopolinc has also been submitted to exhaustive methyl at ion, 2 with 
lesults which confirm the constitution (foimula I) suggested foi it by 
King 8 Scopolamine is then lcpicsentcd by foimula II 


HO CII-CII-CII 


CH N 

■ O—CII 


CII-GII-GII 


Scopolinc 


o 



CII 


II 

■CII-GH 


CII a N 
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CII—o—CO 


cii— cir 


-Clio 

Scopolnimne (hyoscine) 


CflUfi 

CII 

cn a on 


The physiological action of hyoscine and scopolamine is sedative, 
without the dclctenous secondaiy effects of atiopinc In mydtiatic 
action the alkaloid is many tunes moic poweiful than ati opine Scopo¬ 
lamine is picfeiable to hyoscine and is laigely used as a mydnalic and 
sedative 


2 THE 000A ALKALOIDS 


The leaves of Hiythioxylon coca contain a laige numbei of alkaloids 
In addition to the hygunes, alieady descnbed on pp 678 ct seq , thcic 
aic piesenl the following — 


Cocaine 

Gmnamyl cocaine 
a Tmxiiline 
fi Tiuulline 
Tit 11/oyl 11 gamut 
liopaeotline 


Cj r II aa NO t 
C„I Ia.NO, 
(G^II^NOt). 
(C.JL.NO,), 
G 1B It !0 NO, 
C V0 II 10 NO, 


All these compounds aie tiopane denvalivcs and thcicfoie contain 
a pyrtohdinc nucleus With the exception of tiopacocainc they all 
yield eegomne as the basic pioducl of decomposition, and stand m 
close 1 elation ship to the Solanaccm alkaloids 1 


1 IC IIcsb mil co woikcrOj Jht » iqi 5 j 20 57 t 1007 3 tlesa* Be? t 1919^ 6 S, 

1947 Gnd »mer nnd Hummer^ f C iS , 1921 } ISO, A, i, 58S 1 King, J C & , I9i9» 48O 

1 Comp no the conversion of cocune into ntropmc, pp 690 md C91 
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THE COCA ALKALOIDS 


Before leading the following descuption of the coca all iloids, 
reference should be made to the pieceding pages (691 et seq) dealing 
with ecgonine 

Among all the coca alkaloids only /-cocaine is of theiapeutic value, 
the others being without paiticular physiological action These 
inactive alkaloids, howevei, can be utilised for the production of 
/-ecgonine (Liebermann) 

Cocaine, methyl ester of benzoyl-ecgonine 

Ii 2 C-CH-CH COOCH 8 

N CH a CII O COC 6 H 5 

I I 

H 2 C-CII-CII 2 

Coirespondmg to the diffeicnt steieoisomeric eegomnes (see p £391), 
three stereoisomei ic cocaines aie known, namely /cocaine, ^-cocaine 
(rf-i^f-cocame) and j-cocaine, to these must be added the stiucturally 
isomeric « cocaine denved from a-eegomne (see p 694) 

Of these alkaloids, /-cocaine is the most valuable and most important. 
It is highly puzed as a local anaesthetic and, owing to the short length 
of time during which its effect is opcialive, is laigely used in eye 
suigeiy and dentistiy 1 It is employed in the form of its hydrochioi ide 
and cannot be used foi pioducing piolonged anaesthesia, on account of 
its poisonous piopeities 

Occur/ence , Disruption Products and Preparation of 1 -Cocaine 

/-Cocaine was fust isolated by Niemann in i860 from Peiuvian 
coca leaves (Erytlitoxylon coca) It ciystalhses in pi isms melting at 
98°, and is usually obtained fiom the above souice by extraction with 
high-boiling petroleum 

On being boiled with watei it is hydrolysed to methyl alcohol and 
benzoyl-ecgonine 

C n II 21 NO, + IL ,0 = CmlljoNOjH CII 8 OII 

Cocaine Benzoyl ecgonine 

Moie poweiful hydrolysis by means of mineial acids, baiyta-watct, 
or caustic alkali lesults in the benzoyl-ecgonine undei going fuilhcr 
decomposition into /-ecgonine and ben/oic acid 

c 17 ii 21 no ,+2 ii 3 o = c 0 h 16 no 0 + c t ii 0 o 2 + cn 8 oii 

Cocaine Ecgonine Benyoic acid Methyl alcohol 

These »eactions led to the conclusion that cocaine is the methyl 
ester of benzoyl-ecgonme, and piepared the way foi its preparation 
from ecgonine 

1 For the work of A Einhorn dealing with the relation between the constitution and physio¬ 
logical action of organic compounds, see Ann , 1900, 811 , 26, 1S4 
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A partial synthesis of /-cocaine on these lines was fust effected by 
Meick, by heating /-ecgonine with benzoic anhydnde and methyl 
iodide 


c#ii m n 


coon 

on 


Fcgonmc 


h (C 6 IIjjC 0) 2 0 H CII,I 



fCOOCH, 


1S N 

|o coc 0 ii 5 

Cocaine 


1 - HI hC 0 II fi COOH 


The conversion of ecgonine into cocaine may also be brought about 
by other methods of estcnfication According to Liebeimann, 1 cocaine 
is obtained in good yield when /-ecgonine is treated m concentiated 
aqueous solution with benzoic anhydi ide, and the benzoyl-/-ecgonine so 
obtained is estei lfied with methyl alcohol m the piesence of hydio- 
chlouc 01 sulphuric acid 3 Since consideiablc amounts of /-ecgonine 
can be piepaicd fiom the Iheiapeutically valueless alkaloids found with 
natural cocaine (cf p 6 g 2), the above method of incieasing the supply 
of /-cocaine is of special impot lance 


Synthetic Cocaines and then Resolution 

Pseudococaine, the lacemic fotm of the r/-pseudococame which is 
piescnt in small amount in the coca-plant, has been synthesised by 
Willslutlei, the (list stage being the mtiamolecular condensation of 
N-mcthyl-pynohdme-diacetic estei This reaction lesembles an 
internal acetoacctic estei condensation, and leads to the foimation of 
tiopinone caiboxylic estei 


CII_CII—GII„— COOEt 


ncit 


a 


CII 2 —CII—CII,—COOEt 


CII 


CII 


2 


CII—CII—COOEt 

I \ 

NCIIg CO 
■Cii—dii, 


liopmonc carboxylic acid had pieviously been obtained by tieating 
sodio-U opinonc with caibon dioxide (see p 693) and without being 
isolated was 1 educed to /-ecgonine I 3 y the above condensation the 
estei may be picpaied directly Ihc same estei was also obtained 
using a modification of Robinson’s method Willstattci found that 
when succindialdchydc is allowed to lead with methylamme and the 
monocslci of acetone dicaiboxyhc acid (p 689), caibon dioxide may be 
detached from the ficc caiboxyl gtoup in the icsulting compound to 
give the cslci of liopmonc caiboxylic acid 

1 Bet , 1888, 21, 3196, 1894, S 7 , 2051 3 Other oslois of ben/oyl / ecgonine mo obtnined 

by use of the corresponding ilcohols These produce tho airac physiological effects as / cocmne, 
over winch they have no special advantage 
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Two Racemic Eigomnes —Methyl tiopmone carboxylatc, on being 
i educed with sodium amalgam m weak acid solution, gave a mixture 
from which the methyl esters of /'-pscudoecgomnc and /-ecgonme 
were isolated The formei beats the same relationship to natural 
^cocaine (rf-pseudococaine) as the lattei docs to oidinary /-cocaine 
Pseudohopine is also foimed as a by-pioduct in the above 1 eduction, 
owing to loss of caibon dioxide fiom the caiboxyl gioup 

Resolution of the facemate —The benzoyl denvative of the second 
tacemic cstei, which is the more impoitant owing to its closei connection 
with ordinary cocaine, was tesolved by the rcciystallisation of its 
di ^-taitiate After lemoving taitauc acid, the less soluble salt of the 
/-base gave an ester identical with oidmaiy cocaine Among the vai ious 
cocaines, two d~ } two /- and the two ^-lsomcudes have now been 
piepaied m the puie state 1 

Fsicaine 2 —As aheady stated, two lacemtc alkaloids weic piepaied 
during the cocaine syntheses, one of which concsponds to natuial 
/cocaine The othei, r-pscudococame (y/-cocamc), mp 81 5*, was 
subsequently conveited into the coiresponding ccgoninc (by temoval 
of the ben?oyl group) and the latter resolved by means of biomo- 
camphoisulphomc acid The rf-pscudococame obtained by ben/oylation 
of the rf-pseudoeegomne estei was found to possess the most poweiful 
anaesthetic action, coupled with 1 datively low toxicity Its taitralc, 
C 1V H 21 0 4 N,C^H 0 O 0 , is known as psicame, and forms a miciociystailinc 
powder, [a]^° + 43 0 (in 5 pel cent aqueous solution) 


Eucaine is obtained fiom timcctommme, and is a substitute for cocaine the 
similar anaesthetic action of these two substances may be explained by their 
similanty m structure Eucame is a pipeudme denvative of the foimula 


yC(CH 3 ) a ™CH 

(CH 3 )N< 

\C(CtI a ) a -CH 


a\ /OCOCqHj 

2 / NCOOCHa 


p Euoalne is a moie satisfactory cocaine substitute of the following stuictuie 

/C(cn^ cn a x 

hn< \cit o co c fl n D 

^cncCHj) cn/ 


Homottofiemes and Became from Cocaine 3 

Starting from ecgomdine (anhydio-ecgomne), which is easily obtained 
from cocaine, J v Biaun piepaied in succession ecgomdine ethyl estei, 
hydro-eegomdine ethyl ester, and finally, by leducing the caibethoxy 
group, obtained the amino alcohol I, homoti opine im p 85°) 

Like tropine, this compound contains a hychoxyl gioup m the 
y-position to nitrogen, and can be esterified with various acids, 

1 R Willstitter, Pfmnenstiehl md Bommer, Aim , 43 a, 1, 15 3 R WillstiUtci, A!illicit 

Med, Wachtnscht , 1934, 71 , 849 R Willstitter and Gottlieb, Aim , 1923, 484 , ill •< J v 
Braim and Mltller, Bet , 1918, 61 , 235 
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including tiopic ncid Physiological investigation showed that the 
ticidyl deuvalives of homotiopine—known as homotropemes— possess 
lh(' same pioputics as the tropemes, and that homotropine tiopate, 

mydriaBhiB, is .1 mydnatic of the strength of atiopine V 



UI-UI CII.OII 

N CTI„ rn, 

(II --(II, 

I 


n 2 c 


h 2 c 


CII 

N— 

■CH 


CII COjCjH,, 

—CII, CH a ch 3 o coc u h 5 

CH 

,<5h 

II 


Elooalno (foimul.i II) is obtained fiom cocaine in the following 
slagts Cocaine is duncthylaled to cyano-not cocaine, and the 
laLUi hydiolysed to nmtcgonidinc and estenfied The secondary 
mitogen atom in noiccgomdinc ethyl ester is then linked up with a 
y-bt n/oyl-oxypiopyl gioup Eccaine is not only a stionger anaesthetic 
than cocaine but is also non-toxic, and can leadily be sterilised in 
aqiu ous solution Consequently it is an anaesthetic of ideal properties 1 
It is an oil and gives a hydiocliloride of melting-point 117° 

Oinnamyl cooalne, methyl estet of ciunamyl eegomne 

ILC- CII-CH COOCILj 

I I 

N CII, CH O CO CH CII C g H 5 

I I 

II,C-CII -CH, 

I (nmawyl cocaute is found m pi ictically all vaueties of cocaj particulail> m 
that of Java It wis mvcsligtied by Licbciminn t Q ind prepared from /-eegomne 
Uy k\xg ulum of cinnnmu nnhydude and subsequent esteniication of the cmnamyl 
derivative with methyl alcohol and hydiochlouc acid It ciystallises from hot 
lunmiiL ligrom solution m ncullcs of melting point 121 0 


AUcalolds of tlie Lnpin Group 

I lie following fillmtoids contained in the various lupm families were originally 
inveslig lUd by I 1 Schiniclt 11 Ihcu constitution is now being examined in detail 
liupintno, C ia II u ,ON f in Inpinus Ittleus and L ?nger 
Hliiu tot no, C ]fl U tl N > y 111 I luteus and L mger 

Jjiiptuiiuo, C in lIn<)N^ occms in the racemic and laevo forma m Lujnnus albus } 

I upturn (Wgtislifohtis and / upuius fi&? emits 

[ he best cxpicsstcm fot the constitution of spirteine, which is m agreement with 
all ic ictions of tins compound so fai known, is probably a formula in which two 
noihydio Uopaline lings aie linked together by a methylene group 1 

1 See J v Hmm and Muller, IU\ ,1918, BI, 23$ 3 Bet , r888 t 31, 3373 s E Schmidt, 

J ( S 1 1897, 73, A, i, f>45 bcc also J C S Am 1928, 194 4 Wackern*igel and 

Wulflt nstun, Iht , itjof, 8% 3238 bcluilt/, J C S t 1906, 90, A, 1, 379 Ahrens, Bet , 1905, 
8G, 3368 Mourcu and V dun, C t , 1912, 154, 827 
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The simultaneous occurrence of sparteine ancl lupinme in yellow lupins points 
to the pi ob ability of a constitutional xeLtionship between these two alkaloids 1 

From an examination of the degtadition products of lupinme, Willstiiltei and 
Fourneau 8 conclude that this base is a punmiy alcohol and contains a ting 
system analogous to that in the “second half” of cinchonine mad quinine 

(see p 708) 

IV —ALKALOIDS OF THE QUINOLINE GROUP 

In this section ate included the impoilant Cinchona bases, quinine 
and cinchonine, togethei with the Stiychnos bases, stiychnine and 
brucine 

Quinine and Oinohonme 

Cinchona or Peiuviau baik, which has been used in Lvuopc since the 
middle of the seventeenth centuiy in the ticalmenl of fcveis is obtained 
from vanous trees of the Cinchona family found mainly in Bolivia and 
Peru It contains, m addition to a tannin and quimc acid, a seues of 
alkaloids which aie closely related to one another m stiuctuic I he 
most impoitanl of these are qutmne, C 20 lI ai N 2 O 2 , to which the cuiative 
action of the baik is chiefly due, and cinchonine , C 10 lI 22 N 2 O 

Quinine genetally ciystalhses with 3 mols II a O, and in the 
anhydious condition melts at 177°, it sepaiates fiom alcohol and 
cthei in shining needles It is piesent m yellow calisaya baik 
to the extent of 2 to 3 pei cent, has an alkaline leaction, a bittei 
taste, and as a dtacid base foims neutral and acid salts Quinine 
is one of the most valuable medicines, especially in the ticalmenl of 
intermittent fevers such as malaua and swamp fcvei, and is an antidote 
against many infections caused by micio oigamsms 

Cinchonine accompanies quinine and is found in patticulaily laige 
amounts in grey cinchona baik ( Cinchona Iluanaco ), in which it occuis 
up to 25 pei cent It crystallises from alcohol in white prisms, 
sublimes leadily and melts at 255° As a febnfuge it is less active 
than quinine 

Quinine and cinchonine aie similaily constituted, and thoicfoie the 
results obtained by the investigation of these compounds have often 
supplemented one another In many cases infoimation gained with 
regai d to cinchonine has been applied without modification to 
quinine 

Both alkaloids weie dtscoveied in the yeai 1820 by Pelletier 
and Caventou, and their constitutional foimuke have been deduced 
from evidence gradually accumulated from a laige number of 
investigations 

As alieady stated, the composition of cinchonine is C 1B H 22 N 2 0 , and 
that of anhydious quinine, as determined by Liebig, is C2gIl2iN 2 0 2 
In their empirical foimulse, therefore, these two bases diffci m that 

1 WiUshiUer and Marx, Ber > 1904, 87 , 3351 9 Willslatter and Fouineau, Bet , 1902, 36 , 

1910 
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quinine contains one atom of caibon, one atom of oxygen and two 
atoms of hydiogen moic than cinchonine 

Cinchonine and quinine each possess two tei tiaiy nitrogen atoms 1 
One oxygen atom in quinine is contained in a hydtoxyl and the othet 
in a ntethoxylg/oup 

Ihe piesence of a hydtoxyl gioup m quinine is indicated by sevcial 
reactions For example, quinine foims a monobcnyoyl deuvative 
(Schul7cnbeigei), a mono acetyl derivative (Hesse), and a silver salt 
of the composition C 20 II 2a AgN a O 2 (Skiaup) 

Ihe existence of a methoxyl gioup is shown by the founation of 
methyl chlonde (accompanied by mtiamolecular leairangement) when 
quinine is heated with concentiated hydiochloric acid In this case 
the othei primary leaction pioduct is apoqumine, which in turn gives 
a diacetyl deuvative and theiefore contains two hydioxyl groups 

C lfl H 20 N,(OII)(OCII B ) C 10 II 20 N 2 (OH) 2 

Quinine Ajioquimne 

Pi oof that the oxygen atom of cinchonine is also picsent in a 
hydroxyl gioup is supplied by reactions similar to those quoted above 
foi quinine, eg by the foimation of acyl dcuvatives 

Infoimation as to the position of the hydioxyl group and the 
general structuie of the cinchona alkaloids has been gained laigely 
by the decompositions of these compounds earned out by Skiaup, 
Komgs and v Miller 

Decomposition of Quinine and Cinchonine by Fusion with Potash 

and by Oxidation 

Fusion of these alkaloids with potash led to the conclusion that 
cinchonine contains a quinoline or lepidme gioup, and that quinine is 
derived from ( 3 -methox) -lepidinc This is in complete agteement with 
the lesults obtained by the oxidation of the alkaloids 

When oxidised with a solution of chioinic acid in stilphunc acid 
solution, cinchonine and quinine btcak up, on the one hand, into the 
4-catboxyhc acids of quinoline and of O-methoxy-quinoline (known 
lespectivcly as cmchomnic acid and qmmnic acid), and on the other, 
into deitvatives of pyndme Hence the molecule of the cinchona 
alkaloids must contain these two nng systems linked togcthei 

The caiboxylic acids of quinoline wcie soon identified as such, thus 
establishing the presence of a quinoline nucleus (" quinoline half”) in 
the alkaloids 

On the othei hand, the investigation of the pyudme denvativcs 
(cmcholoipon, mcioquinene, cincholoipomc acid and loipomc acid) 
piovcd to be exceedingly difficult, and has only lecently been brought 
to a successful issue Foi a long time nothing was known of the 

1 Sknmp and Koneck, 1893, 20, 1968 
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constitution of that pail of the molecule giving use to the pyiidinc 
compounds, and it was described buefly by Slcraup 1 as the “ second half” 
of the cinchona alkaloids From the following it will be seen that this 
teim is used foi the giouping (C 10 H 10 NO)—, which in cinchonine is 
combined with the quinoline tesidue (C 0 II o N)—, and in quinine with 
6 mclhoxy-quinohnc lesidue (CII a O C 0 H 6 N)— 


Constitution of tlie “ Quinoline Half” of Quinine and Cinchonine 

The key to the constitution of the "quinoline half” lies in the 
following facts 

i When cinchonine is subjected to eneigetic oxidation, about 
50 pei cent of the pioduct consists of cmchonimc acid y which is 
identical with quinohne-A^iatboxyhc aetd 





COOH 

Cine] ion mu. acid, 
Ouinolmc- j. Lirboxyhc tcu! 



coon 

Quimmc 'lud, 

6 Methoxy cinchonmic icicl 


From this it follows that cinchonine is a denvative of quinoline* 
containing a side chain in the 4-position The hychoxyl group of 
cinchonine is also piesent in the side chain because, had it been 
situated in the quinoline nucleus, the oxidation product would have 
been a liydioxy-cmchonintc acid 

The composition of this side chain must be C 10 H 16 (OH)N, te y the 
diffeience between the formula for cinchonine, C 10 H 2 i(OH)N 2 , and that 
of the quinoline ladical, C 0 H fl N Hence the structure of cinchonine 
may be lepresented piovisionally by formula I 


I 




C 10 H 1S (OH)N 



CH s O 



C 10 H U (OH)N 


2 When quinine is energetically oxidised with chromic acid 8 it 
gives an acid C u H 0 NO 8> known as quimnic acid The difference 
between this compound and cmchonimc acid, C 10 H 7 NO 2 , is Lhe same as 
that between quinine and cinchonine 

Quimmc acid was shown by Skraup to be 6-methoxy cmchonimc 

1 Sknup, Mortals , 1888, 0, 783 2 Skraup, Mortals, 1881, 3 , 591 , 1883, 4, 695 Bet , 

1879, IS, 1106 , 1883, 13 , 2684 
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acicl (see p 657) Fiom this it was concluded that quinine is a 
mclhoxy-cinchonine, and that the methoxyl group leplaces the 
hydiogcn atom corresponding to position 6 of the quinoline nucleus 
pi csent m cinchonine Quinine was thei efoi e represented by foi mula 11 

In the above oxidations, the disiuption of the “second half" of 
cinchonine and quinine yields in each case the same denvatives of 
pyiidinc The “second half" of cinchonine must theiefoie be the 
same as the “ second half" of quinine, and the diffeience in the two 
alkaloids may be summaused in the statement that the foimer is a 
dcnvative of quinoline and the lattci of 6-methoxy-quinohne 1 

Information as to the stiuctuie of the cinchona bases has also been 
obtained by the investigation of ceitain intermediate pioducts of 
oxidation, known as “lentnes" 

Skiaup found that the formation of cmchotenine by the oxidation of 
cinchonine with potassium peimanganate is accompanied by the 
production of foimic acid, accoidtng to the equation 

c w ii m n 8 o 1 4 o - c 18 ii 20 n 2 o 3 1 ii coon 

Cinchonine Cmchotcnmc h ormic icid 

Similaily quinine, when oxidised with potassium peimanganate, 
gives foimic acid and the couespondmg compound, qmtenme 

C^II^Npa 1 4O - C, 0 II 29 N 8 OjH II COOII 

'lhc, lelalionship between cinchonine and cincholenme is established 
as follows. When cmchotenine is oxidised with chiomic acid it gives 
cmchonmic acid lhc tenine must theiefoie have been foimed fiom 
cinchonine by alleiations m the second half of the molecule Fuithei, 
the hydioxyl gioup of cinchonine is still picsent as such in cincholenme, 
although the acid piopcilics of the lallet aic due to the additional 
ptosence of a cat boxy 1 gioup 

Since m any case cinchonine only possesses one oxygen atom, and 
this is contained in a hydioxyl gioup winch is found unchanged in 
cmchotenine, it follows that the caiboxyl must have oiigmatedm the 
oxidation of a gioup consisting solely of catbon and hydiogen 

Some infoimation about this gioup is given by the following facts® 

Whetoas cinchonine has the power of combining dncctly with 
hydiogen halide, cincholenme has not The foimation of the caiboxyl 
gioup has theiefoie been accompanied by the disappeaiance of a gioup 

> Dunolliyl «tul quinine—> t , tlic dcrivulivc of 6 liyJroxj-qimiolme conosponding lo qumme— 
is fmind ill a b irk obi uned from Rentijapedunculaltt It la known is ouptolno, and on methyl t- 
Uon ii iunvaried into quinim. lima quinine is lhc inclhyl ether of cupreine, to which it is 
related is imsolc to phenol, and, ns will be seen later, is codeine is to moiphinc lhc highei 
homologuca of hydio uipidnc lnvo .1 Btrong disinfectnnt action tow trcls pathogenic b-icteria 
lfluouplno, the liydiotlilomlc of Iso amyl ftydto euptetiu, and vualno, or iso octyl hydto cupietite, 
arc (onuncrdnl products I'ncupino also possesses an amosthctic action ICIipp, C , 1919, I, 
123 Morgenioth, Bet Dtul p/mnn 1919, 20 , 233 u Skraup, Mona/s , 1897,10, 162 
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with unsatuiated propet lies Dining the dcsliuclion of this gioup only 
one caiboxyl group 11 foimcd, and a c.ubon atom is detached as foitnu 
acid Fui tlier, cincholenine is easily liansfoimed into cincholoipotni 
acid, which must be regarded as a closed ling compound Hence tin 
unsatuiated gioup must be piesent as a side chain All these facts tan 
only be satisfactory explained by assuming that cinchonme contains 
a vmyl gioup This gioup unites with hydiogen halides, and 011 
oxidation is ruptured at the double bond with the pioduelion of a 
caiboxyl gioup and foinuc acid 

r cii ciijH 40 = r coon 111 cooii 

XII CII, >COOII 

(C i7 II 18 N 2 )/ “->• (CwII ia N 2 )< 

Ndii n oit 

Cinchomnc C inchotenmc 

The conclusions just ailived at foi cinchonme can also be applud 
dnecLly to quinine, which in an analogous mannci maybe conveitul 
into quitenme 

The pioperty possessed by quinine and cinchonme of uniting with 
two atoms of btominc, 01 a molecule of halogen halide, is m complete 
agreement with the above constitution 

Constitution of the "Second Half" of Quinine and Cinchonine 

Valuable information concerning the constitution of the “setone) 
half” of the cinchona bases has been obtained by IConigs, 1 who 
examined the hydiolysis pioducls of cinchene and quinene 

Cmchenc , C 10 II 20 N 2 , is the anhydto-compound of cinchonine, 
C l0 H 2a N 3 O, and quinene , C J0 IT 10 (OCII 8 )N 2 , the anhydi o-compound of 
quinine, C 10 H 21 (OCH 8 )N a O 

In many respects, these compounds aie much more reactive than 
the paient alkaloids, from which they aie obtained by successive 
treatment with phosphouis pentachlonde and alcoholic potash 

Hydiolytic Decomposition of Cnuhene and Quinene 2 

Accoiding to expenmental conditions, cinchene and quinene may 
take up the elements of watei and decompose in two distinct ways 

1 When the anhydio-bases aie boiled foi a long time with 
concent!ated hydtobiomic acid, they take up one molecule of watei and 

C,on 2 oN 2 I II 2 0 « C 1U II 10 NO I NII S 

Cinchene Apocinchenc 

C 1( ,II 10 (OCH B )N 2 + H a O-1 IIBr » C I0 II 10 NO a + NH s -i CH3B1 

Quinene Apoqulncne 

1 Kttnlgs ind Comstock, Sty, 1884, 1 % 1981, 18 , iaig 
900 


See Bet , 1B92) 2 G t 15 (i * 
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.il llu same turn- lose a molecule of ammonia In this manner they 
V 101,1 tl( nvalives of 4-phenyl quinoline, which were described by 
lvoni^s and Comstock as apottnehene and apoqumene respectively 

I he mfoimalion gamed fiom the investigation of apocinchene can 
Ik illicitly applied to the constitution of apoqumene, since the latter 
is candy convcited into the fonner Thus when apoqumene is heated 
ut ’50° with a mixluie of ammonium chlondeand the double compound 
t*l 11111111011111 with /me chloiide, only the hychoxyl gioup present 111 
lh<‘ qumolme tcsiditc is icplaced by an amino group The amino- 
iipoqumciK so obtained can then be converted through the diazo- 
conipmind into apocinchene 

Itmngs showed that apocinchene and apoqumene wete derivatives 
of 4 o-hydi oxyphonyl-qumolinc They have the following constitutions 



Apotiin huic 


Apoqumene 


5 


1 hi convulsion of apoqumene into apocinchene outlined above 
lc ads to the conclusion that apoqumene is hydioxy-apocmchene, and 
win 11 taken in conjunction with the facts given on p 706, ptoves that 
the additional hydtoxyl gioup must occupy position 6 m the quinoline 
nut U’tts 1 he complete analogy in the behavioui of qumene and 
uiuhtnc points to the analogous stiucture of the two anhydro-bases 
Unite* it may bo assumed that qumene is derived from cinchene by 
it placement of the hydiogen atom in position 6 in the quinoline nucleus 

hy a tm llioxyl gioup 

3 When c mchenc Is heated with 20 per cent aqueous phosphoric 
and at 170'’ to i8o a , it yields lepidim and a compound of the 
< 1 imposition (yijjNOjs, clescubcd by Komgs as vietoqmnene The 
liydiolysis of cmchenc undci these conditions therefore takes place 

.itemcling to the equation 

CuilIjwNji I 2H2O " c 10 n 0 N + c 0 n 16 NO 3 

CliicIlcuQ Meroquineno 

In a mmilai mannei qumene is hydrolysed to 6 -methoxy-lepidine and 
meroquineno 
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Constitution of Meioqumcne, Lincholoiponu Acid and f oiponu At id 1 

Konigs found that nicioqumuu. could be obtained by the duet, l 
oxidation of cinchonine with chioimc acid, as well as by the hyclmlysis 
of cinchene and quinene On fiuthu Itealment with an ice-cold 
aqueous solution of potassium peimanganate and sulphuric acid, 
meioquinene yields unchohiponic acid I his compound was also 
obtained by Skraup by the direct oxidation of cinchonine and 
quinine 

c 0 ir ir ,No s i 40 - (’hIIjjNOj 1 n cooir 

Mcioqiuiiuia Ciutlioloiixmii X oimic icitl 

Turt 


Fiom cincholoiponic acid, by caicful oxidation with potassium 
peimanganate, Skraup isolated veiy small quantities of loipouu acid 
Hence meroepnnene, cincholoiponic acid and loipomc acid icpiesent 
successive^stages in the oxidation of the “second half" of cmchoiunc 
Konigs formulates the compounds as follows — 


Nil 

ciio/Ncii 


a 


cir 


Nil 

/Nc 


IT 


2 


cir 



cn cji cir 


2 


CII Cir, COOIX 

Muroqimitnc 


cii 2 

CII S 


Nil 



i 


cu 



cn cooii 
cn coon 

I oinonlc tieid 


CIJ„ 



cn coon 


CII CIL, COOII 

CiiK'holoipoim m id 

Nil 

CITjj/^CII, 


CII 


a 




cn ciq cn,, 
cn cti 3 cooir 

( mcholui pon 


On teduction with /inc dust and liyduodic acid, meioqumcne is 
convened into cmcholoipon , the foimula foi which is also given above 
Ihe picsence of the caiboxyl gioups in these pioducts has been pioved 
by the piepaiation of cstcis, and that of the imino gLOup by the 
prepaiation and piopeitics of mtiosamines, and of acetyl and N-alkyi 
detlvatives a The positions of the caiboxyl groups 111 mcroquinene 
and cmcholoipon wcie finally established as a result of the synthesis 
of ethyl qmuudidine 1 which is desenbed 011 p 712 

Ihe assumption that these compounds contained a pyudino nucleus 
was based pi 1 manly on iho foimaUon of 4- methyl- 2 -cthyl~pyndtnp when 
mcroquinene is heated with a solution of mcicuric chlondc in hytho- 
chlouc acid, and also on the conveision of cincholoiponic acid into 
4-methyl-pyiiduie by means of concentiatcd sulphuiic acid 0 

1 Konigs, tier, 1S91, Stl, 90 1501 , J89S, 28 , 1986, 3150 , 1897, 80 , 1326, 133a , Atm, 

1906, 847, 143 Slump, Bet , 18951 38 ,15 A founts , 1896, IT, 365 9 P Rabo and R Ritioi, 

Ann , 1906, SBO, 180 9 Skrimp, Mottah , 1896, 17 , 388 
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1 he most convincing pioof of the presence of a pyridine nucleus m 
loipomc acid is due to Konigs When this compound is heated with 
potassium hychovidc it is tiansfoimed into an isomeric acid, which is 
identical with synthetic hexahydro-cmckontei omc acid (pipendme-3 4- 
clic ,u boxyhc acid) Loipomc acid is theiefore a labile foim of 
hcx.ihydio-unchomu0111c acid, which passes into the stable form on 
In mg heated with alkali 

I he foimula fui cincholoipomc acid was eventually confirmed by 
Wolil, 1 who succeeded in synthesising both of the theoietically possible 
1 ut eimc compounds fiom / 3 -chloio-piopionacetal These lacemic com¬ 
pounds wuc resolved mto the fom optically active foims, one of which 
pioved to be identical in all inspects with the cincholoipomc acid 

obtained fiom quinine by Skiaup 

the additional knowledge of the constitution of cinchonine and 
quinine gained by the study of meioqumene, cincholoipon, cincholoi- 
pome acid and loipomc acid, may theiefoie be summaused as follows — 
Of the ten, cat bon atoms picsenl in the “second half” of the 
i iik hona bases, five a»c contained in a piperidine nucleus, two m a 
vinyl gioup, and one 111 a methyl gioup The points at which the 
vinyl anti methyl gioups aie attached to the piperidine nucleus have 


bi ui delei mined 

I he hydtolysis of cinchcnc and quinene to give meroquinene on the 
one hand, ami lopidine 01 tncthos.y-lepidnie on the othei, indicates that 
lilt pipemline and quinoline nuclei aie united by another carbon atom 
of the " second half” which appeals as the methyl gioup in lepidme 

Hence the only point which still lemams obscuie in the constitution 
of the cinchona alkaloids is the mode of union of this carbon atom In 
this connection Milloi and Rohde have put fin ward a suggestion based 
tm the hydiolytic decomposition of cinchonine and quinine, for which 

the 01 urinal panel 0 must be consulted 

By^means of inotleratc oxidation with chromic acid m aCefc1 ^ 

HHlpliic ,wk 1 M.lut.01., ‘ conveited emchonme 

umhonidmc into a ketone, which by analogy with tropmone wa 

named anchonutom lho 

alkaloids mo still picscnt in these y C on- 

guiup has disappcaied, being changed mt 

seijuenlly, cinchonine and quinine aie sec0 ^J^ converted back into 

On t eduction, cmchomnonc and q«m theu relationship 

cinchonine ancl qumlne, thus 1111 ^ ^ ^ that information 

to the ongmat alkaloids In addition, it will be 

To* a Miller Tnd Rohde, Btr , 1894, 2 % I2 79 t 

. n„ , W>,| 10 , fn «>■, - 9 « to, , . w , »,!«., 3 « 5 S. d»., .909, 

ll«7 , Iilg$i20, 105® 1 1 9 00 ' 8B, 3art« 

flCl, 33° 
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obtained fiotn the chemical decomposition of the ketones 1 may be 
applied without modification to the cinchona alkaloids themselves 


Constitution of Quinine and Cinchonine 

The investigations descnbcd in the foiegoing pages led 
adoption of the following foimulm for quinine and cinchonine — 

N N 
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CH CH 
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Since each of the above foimuke contains thiee asymmetuc caibon 
atoms* each stmetme represents a possibility of eight optically active 
and four racemic stereoisomendes 2 Among these aie clnchonicline, 

which is steieoisomeric with cinchonine, and 
conohinine, a stereoisomeride of quinine* 

The possibility of the existence of a caibon 

I emir tt budge between the nitrogen atom and the 
IlgC^i^CH 4„ car bon atom of the piperidine nucleus, as shown 

CII above, has been established by the synthesis 

P qumuclidinc Q f /3-etliyl quinuolidine 8 of the annexed 
structure The parent compound qumuclidme has also been 
synthesised 4 

Attempts to Synthesise the Cinchona Alkaloids 

When cinchonine and quinine are heated for a long time with 
acetic acid, they undergo intramolecular change and yield cutchotowne 
and qumotoxtne lespeclively These toxmes are formed from the 
alkaloids by conversion of the * —CHOH group into — CO, accom¬ 
panied by the rupture of the qumuclidme nucleus They aie ketones 
as well as secondary bases The leverse change from the toxmes into 
the alkaloids has not been accomplished directly as yet, but has been 
effected indirectly through the following stages The hydrogen atom 
of the immo gioup can be leplaced by bromine to give biomo-imines, 

1 P Rabo, Ann , 1909, 866, 353 3 For further details and for proposals concerning 

the rational nomenclature of the cinchona alkaloids and related compounds, see P Rube, Bet , 
1922, 65 , 532 a Konigs, Bet , 1904, 8 * 7 , 3244 Konigs and Bernhardt, Ber , 1905, 88 , 3049 
* Loftlei and StieUel, Bet , 1909, 42 , 124 
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which by loss of a molecule of hydiogcn biomide can be conveited 
into the compounds qmnmonc and cinchomnone 1 (see p 711) These 
lcactams lead to the legeneiation of the quinuclidine nucleus pecuhai 
to the cinchona alkaloids Finally, the ketones can be reduced to the 
alkaloids themselves 

—CO—CILj— —CO—CII 2 — —CO—Cl I— —CH(OH)—CII— 

-> - | ——> ( 

--Nil— —NBi— —N— —N— 

1 he paitial synthesis of quinine from qumotoxme or qumicine 2 by 
this method pioceeds as follows—Qumicine (I) is converted into 
N-biomoquimcmc (II) by the action of sodium hypobiomite 
Qinnlnonc (III ) is obtained from the biomo-imine by tieatment with 
alkali, and is then leduced to quinine (IV) by 1 eduction in alcoholic 
solution, using 1 aluminium powdei in the ptescnce of sodium ethylate 


CII, C II CH— 

—CII- 

-CII, 


UI,= 

-CII CII-CII CII a 

I 

CII, 



II 

CII 2 


CII„ 




, UI, 

C-H r 

—Nil 

UI, 



CII,—N Bt CILj 

[CII 3 0 

C,II 4 N]- 

1 

-CO 



[CII 3 0 C 9 II s N]-CO 

< 11, UI Cll - 

—UI— 

-U 4 

CII 

,-cn 

CII-CII-CI 4 

in 

CII a - 

C14 

UI 2 

N 

-CII 

IV 


UI, 

: UI, 

CIL-N-CII 

" 1 



[01,0 

C„H»N 1 - 

-CO 



[cii.o cyijN] cii on 


'llu above investigations established the position of the carbonyl 
gioup in tlio toxincs, and revealed methods of opening up the 
qmnuchdmc nucleus of the alkaloids, as well as of convening the 
toxincs so obtained back into the paient compounds This measuie 
of succiss paved the way foi a numbei of attempts to synthesise 
cinchonine and quinine, and bases closely lelalcd to them In eveiy 
ease llu* stalling matenal was cilhei cmchonic acid, quimnic acid, 
oi an eslci 01 nilnlc of these acids By making use of a convenient 
method of piepaung cyano-quinolines, Kaufmann 1 succeeded in 

N 

V ( ,/ "' S l / ] R' => II 01 alkyloxy gioup 
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» alkyl gioup 


( [JOH CII NR, 


1 l* Rube, Ht* 1 191 1 , 44, 2088, 1913, 40, 1023, 1026 J P Ribc inti Kind lei, Bn , 
rgifi, 61, 166 8 Ah; , 1912,40, 3090 , 1913, 40, 57 , tgiG, 40, 2302 Synthesis of quimnic 

laid, lit1 , I909, 40, 377*5, 1911, 44, 2061 , 1912, 46, 1805, 1918, 61, 116, 1922, 66, 614 
AIbo J Ilnlbcrknnn, Ht> , 1921, B4, 3079* 3<>9° 



714 


THE STRYCIINOS ALKALOIDS 


synthesising vanous acids and 4-qmnolyl ltcloncs, am! l.itoi obtained 
bases of the type V, which wcu closely 1 elated to the cinchona bases 

The synthesis of cinchona alkaloids fiom derivatives of pi pi inline 
and quinoline has tcccntly been completed by Rabc, 1 using cyano- 
quinolines and cmchoninic estei as his stalling mulcttul 1'iom 
4-methyl-pyridmc (obtained fiom coal lai) Rabc synthesised cincho- 
and quinotoxincs, 2 which, howcvei, contained no vinyl gioup 

In conclusion, it may bo mentioned that hydto dcnvativis, such as 
dihydio quinine (quinotme) and dihydio-cinchonine (cincholine), which 
contain an ethyl gioup in place of the vinyl gioup of cinchonine and 
quinine, also occut in cinchona batli They may be piepaiod fiom 
the last-named alkaloids by hydiogenalion n 

Plasmoohtne is a synthetic alkaloid having the constitution of a 
complex alLylammo-6-methoxy-quinolinc It acts clncclly on the 
schi/omes of tropical malana and is ten tunes as potent as quinine 

The Stryohuos Alkaloids 

Thcie aie ihtcc alkaloids in this senes, namely sUychnme, hi urine 
and cuiannc Whilst numeious mvcsligaUons have been earned out 
on the fust two of these compounds, ouvavlne, on the othcL hand, has 
been vciy little examined fiom the chemical standpoint In small 
doses it pioduces complete paialysis of the voluntaiy muscles 

Strychnine occuis in Ignatius beans (the seeds of S hychnos m tho seeds 

of the fiuit of Strychnos nux vonma % and in other aouiccs 

It crystallises m lliombic prisms, which melt at 265° It is voiy insoluble in 
watci, has a bitter metallic taste, and is one of the most powerful poisons known 
Rcgnault showed that the empirical foimuU of stiychnmc is Although 

it contains two nitrogen atoms, it only foims stable salts with one equivalent of 
an acid The decomposition of sUychnme has been In ought about by vanous 
methods, such as distillation with /me dust, alkalis 01 alkaline caitlis, but the lC&uUs 
obtained so fat have given no ccitain information as to the caibon fiamcwoik of 
the molecule, 01 the function of the oxygen and nitrogen atoms* 'Ihe puimity 
decomposition pioducls of strychnine, howevci, indicate that one mitogen atom 
is contained m a reduced qumohne or mdole 1 mg, and that Us basic cluunilu is 
neutralised by union with a caibonyl group, 

Iafel, 1 who was the fust to mvestigite strychnine, studied the action of methyl 
iodide uid 1 educing agents on the alkaloid and its derivatives* lie also examined 
the bchftviout of strychnine towaids nitric acid M010 tccently, mvcbtigutions uf 
strychnine and brucine have been earned out by Lcuchs* and by Pcikm ami 
Robinson The last named authois have pioposcd foimulm® foi which the ouginal 
literatiuo should be consulted 

Brucine, C 2a II afl N a 0 4 , is generally found with strychnine in the wood and stede 
of the vanous strychnos plants 

From hot water it crystallises m union with 4II3O, and ftom alcohol with 

1 P Rube and co workers, Bn , 1913, 46 , 1034, 1026, 1917, 60 , 144, 1918, 64 , 1360 
9 P Rabc, K Kmtller md 0 Wagner, Bn , 1933, 66 , 533 , and see also L Rti^lckn, fMv 
Chim Atfa t 1921,4,486 8 P Rabc, Bn , 1911, 44 , 2088 A Skita, Her, 1913, 46 , 358ft 

i Am » l* 9 h 264 , 33 , 1893, 268 , 229 t 1898, SOI, 285 0 Bet , 1909, 43 , 774, 3494 , 

1912, 46 , 201, 218, 2653 , I 9 i 4 » 53 ^$ 155 3 1 ! 0 l 9 t 6 2 , 141.3, 158$, 2195, 3204 , igar, Gi, 

3177 , 1922 ^ 66, 564, 724, 1244 f 1939, 63 , 2176 *JCS t 1028 , 3082 , 1929 , 967 
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2l Jilf.OII I he hydiatcd compound melts above ioo° in its own water of 
11 ysMllih Uion When anhydious it melts at 178 

Jhmim Inn the same physiological properties as strychnine, but is much less 
tu tivt It also lescmbles btiythmne m having two nitiogen atoms in its molecule 
and m being a monacid base This similarity, taken with the fact that the two 
alk iloids occur togethci in nature, probably indicates a corresponding similarity 
in t hcmicnl constitution 

It has been shown that biucme contains two methoxyl gioups, which can be 
eslitnUcd by /tiscl’s method In addition, Shenstone found that by the action of 
liydi 01 himic acid, methyl chionde is obt lined fiom brucine but not from strychnine 
I he fm mula foi sttychnine, 1 which is now established as C 3 |H 23 N 2 0,, differs 
fioin tint of biucme by the quantity C a II 4 O a Such a lelationslup would suggest 
tlmt litm mo is dnnethoxy stiychnine This has yet to be proved, however, and 
is chiefly suppoilcd by the fiequent occurtencc of the two alkaloids m one and the 
same plant, and by then simil u physiological action 
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ALKALOIDS OF THE ISOQUINOLINE GROUP 


This group includes the five opium alkaloids, papaveunc, laudanosinc, 
laudanine, naicotine and narceine All these are known to be 1 dated 
to lsoquinoiine, the fiist three being compaiatively simple denvativcs 
When it is remembered that the alkaloids hydrastine and bcibcnne 
found in the root of Hydrastis canadensis^ ate also denved fiom iso- 
quinoline, the importance of the latter as a parent compound of alkaloid 
bases becomes obvious 

Papaverine, C 20 H 21 NO 4 , occuis m opium in small quantities 
(o 8-1 o pei cent) and crystallises in prisms which melt at 147 0 It is 
almost insoluble in watei or alkalis 

The constitution of papaverine (see above) was established by 
G Goldschmiedt, 1 from an examination of the mannei in which the 
compound is decomposed by halogen acids, potassium peimanganate 
and fused alkali 

When the alkaloid is heated with hydnodic acid, four molecules of 
methyl iodide are liberated and papaverolme formed 


IIO- 

_/\/\ N 2 

~ 7 \ 

CII 8 0— 

./\/\ 
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U-on 

CII, 0— 

Dmicthoxy 
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OH 


This reaction proves the piesence of four melhoxy groups in papavcune 
Decomposition of Papavei me on Fusion with Alkali —When fused 
with potash, papaverine is decomposed into dimethoxy-tsoqwnohne and 
a compound which does not contain nitiogen The lattei has been 
shown to be dimeihyl-honiocatechol , as it yields piotocatechuic acid on 
more energetic treatment with potash In addition, an appieciable 
quantity of veratnc acid is always pioduced during the oxidation of 
the alkaloid It will be observed that the side chains occupy the same 
positions in all these compounds 



OH 

OH 


Dimethyl homocatechol 


Protocatcchuic acid 


COOH 


/V-OCH, 


Ventnc acid 


1 Mounts ^ 18S3 to 1889 
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Constitution of Papaverine —Papaveune can thcrefoie be looked 
upon as a combination of chmethoxy isoqiiinoline and dimethyl- 
homocatcchol 


4 C 0 H, 2 O 2 — C 20 II 21 NO, + H 2 

Djmcthoxy Dimethyl Papivermc 

isoquinolme homocatechol 


The mannei in which these two components aie joined together 
was deteimined by Goldschmiedt in the following way 

Papaveune contains four methoxy gioups, two of which aie con¬ 
tained in each of the above disiuption products Since the components 
cannot be united through the methoxy-gtoups, they must be joined 
Ihiough a caibon atom of the beiwene nucleus, 01 of the methyl group 
of dunethyl-homocatechol The latter supposition is suppoiled by the 
whole behavioui of papaveune, especially the ease with which the 
component paitscan be sepaiated Hence the alkaloid is a substituted 
phenyl-isoquinohne-me thane 

Finally, it was necessary to detei mine which 
caibon atom of the isoquinolme ung takes pait in 
the union This point is decided by the fact that 
when papaveune is oxidised with potassium pet- 
manpanaie ) u,~caibo~unchomeionu-acid {2 3 4-pyndme 
tiicaiboxyhc acid) is formed 
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Synthesis of Papaveune 

*lhe synthesis of papaveune was accomplished by A Pictet 1 and 
Gams, by the leactions summanscd m the table on p 718 

IJy the 1 eduction of papaverine mcthoclilomle with tin and hydiochloric acid, 
Pictet and Atlnnascscu 8 obtained llic lacenuc foim of N methyl tctiahycho 
papaveune When this w.is lesolved into its active components by means of 
quimc acid, the dextioiotatoiy cnanliomorph piovcd to be identical with the 
alkaloid lautlatioslno occmimg in opium The constitution of tins alkaloid 
is tlicicfoio that given on p 715 Ihe naicotic propeitics of papaverine aie not 
veiy milked, but they appeal to be nltogcthei absent in laudnnosme A complete 
synlhcbis of laudinosinc may be eftcctLd in a manner sniulai (0 that employed 
for papaveune 3 

Lnudattlno, which otems in vciy small quantities in opium, was fiist investigated 
by Hesse and Goldschmiedt Its constitution was finally solved by Splith, 4 who 
dclcunincd the position of the fice phenolic hydioxy! gioup It has been synthesised 
by Splith and I ang ( (founula, see p 715) 

1 A Pictet mil A Gains, iU> , 1909, 43 , 2943 See also K W Rosenmund, lit) , 1927, 60 , 
392 , I* Spilth, Hit , 1927, 00, 701 ‘ ! Pictet and Atlunajcscu, Bit , 1900, 88 , 2346 8 A 

PiUet aid M r<inkelatein. Bit , 1909, 13 , 1979 ‘ Spall), Manats, 1920, 41 , 297 6 Sptth 

and I ung, Manats , 19311 42 , 281 
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Synthesis of Papaverine 


Veratrol 

CCH 3 0) a C 8 H 4 


Acetoveratrone 
(CH a O) 2 C a H 3 CO CH 3 


I somtroso-acetoveralrone 

(CH a O) 2 C 6 H 3 CO CH N OH 


Amino-acctoveralrone hydrochloride 

(CII 3 O) 3 C 0 H 3 CO CH a NH,Cl 


Vanillin 

(CH 3 OXOH)C e H 3 CHO 

I 

Methyl vanillin 
(CH 3 O)j.C 0 1I 3 CIIO 

4 

Dimethoxy mandelo nitrile 

(CH 3 0) 2 C 8 H 3 CHCOII) CN 

j H ‘ 

Homonrolocatechutc acid 

(OH 2 )C 6 H 3 CH 3 COOH 

4 

Homoveratiic acid 
(CIIjO^CoHa CH 2 COOII 

I 

IIomo\en.troyl chloride 
(CB 3 0) 2 G u H 3 CH s COCl 


Ilomo\eratroyl immo-icetovcratione 

CCH 3 0) fi C Q H 3 CO CH a NH GO CH. C a n 3 (OCH 3 ) 2 


TIomoveratroyl hydroxy homoveratryl am me 
(CII 3 0) a C 8 H 3 CH(OH) CH e NH CO CH 2 C 8 H 3 (OCH 3 ) a 

Papaverine 

CCH 3 0) 2 C,jH 2 CH CH N C CH a C 8 H 3 (OCH a ) a 


Narootine, Narceine and Hydrastme 

O CH 3 O ch 8 



Narcotme (rnethoxy-hydrostme) Hydrastme 
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Narootine, C 2 ,H a3 N 0 7 , is piesenl as the fiee alkaloid in opium, in 
quantities varying fiom 075 to 9 pel cent Aftei lemovmg moiphine 
and codeine fiom opium by extiaction with watei, naicotme is 
obtained by ti eating the lesidue with waim ether It crystallises in 
ihombic pi isms, rap 176°, and is insoluble in cold water or alkali 
Naicotme is a tertiary base , and does not react with acetic anhydride 
Hence the molecule contains no free hydroxyl group 

The piesencc of three methoxyl groups is shown by heating the 
alkaloid with hydiochloric acid, when it yields three moleculai 
pioportions of methyl chlonde, together with nor narco tine, C 10 H 17 NO 7 
01 CjqIIjjNO/OH^ 

Naicotme is decomposed by potassium liydioxide at 220° with 
liberation of methylamine, dimethylamine and tnmethylamine, the 
nitiogen atom is thciefoie attached to a methyl gioup 

Out knowledge of the constitution of naicotme is largely due to the 

work of Rosci 1 

Decomposition of Narcotine into Nitrogenous and Nitrogen-free 

Components 

The decomposition of naicotme undei the influence of icagents,such 
as walci at 140°, dilute acids, and alkalis, has tlnown valuable light 
on its constitution Undei this tieatment it yields a nitrogen-fiec 
compound, opiarnc acid , and a base, hydr o-cotarnine 

C 2a II 23 N0 7 + IljjO = CjoII-igOg h C 12 ITj(jNO a 

Nurcotinc Ojinmc icul Hydro cotumnc 

With oxidising agents, eg mine acid, platmic chlonde, feme 
chlonde, 01 lead pci oxide, naicotme decomposes m a similai mannei 
to give opiarnc aad and cotar nine 

CwjUuaNOf I O l 11,0 = C, 0 II 10 O B + Ci a II 16 NO, 

Opinmc ticid Cohrmnc 

Reducing agents such as /me and hydrochlonc acid, and sodium 
amalgam, convut n.ucotine into meconim, which is a leduction 
pioduct of opianic acid, and hydr o-cotar nine 

“ ^IqHioOi h CjoIIjoNO,, 

McconliiG Ilydio LOtnrnme 

Xh 1 om these icactions it is evident that the molecule of naicotme 
consists essentially of two paits a basic component corresponding to 
hydio-cotainine, and a nitiogen -fiee substance conespondmg to 

opianic acid 

Once the stiuclme of these individual paits had been deleimmed, 
it was possible to build up the foimula of naicotme itself 

1 Roser, Ann , 1888, 246 , 311, 247 , 167 , 240 , 156,168 , 1889, 264 , 33-1 
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Opianic acid was investigated by Beckett and Wright, 1 and by 
Wegschetder, and pioved to be a carboxylic acid deuved fiom 
dime thy l-piotocatechmc aldehyde Its constitution is rcpiescnted by 
foimula I 
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I ? iom a study of the pioducts obtained by oxidation, and by 
intei action with methyl iodide, cotarnme has been assigned 
foimula II (Rosei) Foi an alternative foimula see IV, p 721 

Meconme, foimula III, has been shown to be the lactone of the 
alcohol conesponding to opianic acid 

The conveision of cotaimne into hydio-cotarmne, by means of 
lcducing agents, takes place by leduction of the aldehyde group —CIIO 
to —CH a OII, followed by the formation of an isoquinohne ring by 
elimination of watei between the groups ■—CH a OH and —NHCIT 3 
Ilycho-cotai nine is therefoie assigned formula IV 
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The constitution of the decomposition products opianic acid ot 
meconme on the one hand, and cotarmne or hydro-cotarmne on the 
other, is therefoie clear The only point still to be decided is how the 
two component parts are linked together to form the alkaloid molecule 
In narcotine, C 22 H 23 N 0 7 , the hydro-cotarmne gioup cannot be united 
with opianic acid or meconme through one of the seven oxygen atoms, 
since five of these are already joined to alkyl groups (thiee to methyl 
and two to methylene) and the other two aie both present in a lactone 
ring Further, the valencies of the nitrogen atom aie fully satisfied 
by the demands of the isoquinohne ring and the methyl gioup The 

1 Beckett and Wright, J C S } 1875, 28 , 583 
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two components must theicfoie be connected through caibon atoms 
I here is no doubt that it is these caibon atoms which lake up 
oxygen during the oxidation of the alkaloid and appeal as aldehyde 
gioups in opt an ic acid and cotai nine, since no aldehyde gioup is piesent 
in naicotinc itself Foi these 1 casons narcotine is given the constitution 
quoted on p 718 

Synthesis of Nat cot me —Pei km and Robinson 1 showed that when 
meconine and cotai nine are boiled in alcoholic solution with potassium 
caibonate a compound is produced which is identical with the racemic 
alkaloid gnoscoptne IJy icsolving this into its active components, 
rf-and /-naicotinc weie obtained, the /-vancty being identical with the 
natuial alkaloid 

Synthesis of Meconine 2 —Guaiaco! carboxylic acid, on mcUiylation, 
was converted into the methyl estci of 2 3-d nnethoxy-bcn/oic acid, I 
The lattci was condensed with chloial to give 5 6 dimclhoxy-lrichloi o- 
methyl phthahde, II, which was then hydiolysed to the conespondmg 
phthahde caiboxylic acid The acid, on being heated, decomposed into 
caibon dioxide and meconine 
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Synthesis of Cotm nine —This base was synthesised by Salway, and 
latci by Deckel and Bcckei, fiom mynslicin, 8 a constituent of oil of 
paisley and oil of nutmeg An intermediate pioducl in the latci 
synthesis was formyl-homomyilsticyl-aminc (Cotnpaie the picpatalion 
of hydiastinme fiom safrol) 
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ALKALOIDS OF THE ISOQUINOLINE GROUP 


Specfcioscopic investigations by Dobbie, Laudei and Tinklei 1 have 
shown that cotainine salts correspond to the ammonium sliucluic, III, 
but that the free base may exist eithei as the caibomum foim, IV (in 
ether 01 chloiofotm solution), 01 as a mixtuie of the two foims (in 
aqueous 01 alcoholic solution) 

Nfuoelne is obtntncd by the iction of allcili on narcotine incthiodide It is 
piesent in opium in sm'ill quint itics {ibout o I per cent ), ind is n white crystalline 
compound of melting point 171° It has the following: structure, and is folined 
fiom naicotine by the rupture of the pyridine and lactone lings 
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CII 3 O- 
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Hyclvastlne (see foimula on p 718) o ecu is in the loot of llyd-i as/is 
canadensis L, a plant belonging to the Ranunculaceae and indigenous 
to North America It ciystallises in ptisms, mp 135 0 The extract 
of Hydrastis canadensis is used therapeutically in cases of utenne 
haemoi 1 hage 

The structuie of hydrastme, which was established by the work of 
Fieund 2 and E Schmidt, 8 is vety similat to that of naicotine 

When hydiastine is oxidised with potassium peimanganalc m acid 
solution, opianic acid is formed (Corapaie Naicotine, p 719) 

On oxidation with dilute mtnc acid at S°° to 6o°, howevei, 
hydiastine yields, in addition to opiamc acid, a basic compound of the 
foimula CijHjjNOj, known as hydiastimne 


C a ,H 21 NO fl + H 2 0 4 0 = C 10 II l0 O 5 + C u II 1B N0 3 

Ilydnstme Opnniu 'icid IlyclnbUnme 

The difference of CH a O between the molecules of cotainine and 
hydraslmine, the basic decomposition pioducts of naicotine and 
hydiastine lespectively, indicates that cotarnme is a methoxy- 
hydraslmine Narcotme must therefore be a methoxy-hydrastine with 
the melhoxyl group attached to the basic pait of the molecule This 
conclusion has been confiimed by the deteimmaUon of the melhoxyl 
gtoup by Zeise^s method (E Schmidt) 

Hydraslmine is of the gieatest importance in connection with the 
constitution of hydrastme Its stiuctme has been ascertained both by 
degiadation and synthesis 

* Dobbie, louder -tnd Tinkler,/ C S } 190$, 83 , 598, 1904, 86, 121 9 M Freund, , 

1892, a*7X, 3r* B Schmidt, Archtv dei Phat m , 1893, 231 , 541 
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Synthesis of Hydrasttmm 

Ilydi aslimnc (V) is a denvaUve of piperonaf, containing a basic side chain 
in the ortho position to the aldehyde group When it is leduced with ? mc and 
hydiodiloiic acid, ling tarnation takes place with loss of oxygen and production 
of hydio hydi.istiiuno (VI) Ihis compound is an isocpunoline derivative and 
fanned an intumuli'Uc pioduct in the fust synthesis of hydrastmine to be effected 1 





3 


Dcukei ^ has accomplished scveial syntheses of hydrastmine by reactions which 
iul aummansed m Ihc following table 
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Acetic acid 

4 
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Ipccftcuunlm lus long been used med.cmally as an «mehc: and 

Kr,n“Sl, "de= ~ - 4 
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base emetine In addition, ipecacuanha contains cephalein , psychotime, 
0-methyL-psycliotime and emetamme, all of which stand in close 
relationship to one anothei 1 Within the last few ycais Spath 2 has 
partially elucidated the sti uctuieof emetme and cephalein Emetine is an 
O-methyl-cephalem } these two bases have thus similar constitutions 
Emetme contains two 6 y-dimethoxy-1 2 3 4-tetidhydio-isoquino- 
hne complexes and has been assigned the following skeleton formula 
by Spath 


CHoO 


/\/\ OCIIg 


CH s O 


\/\/ 

in 


NH 


Thestiuctiue of the lesidue C 
yet determined 


N 

/ 

CHo 


CiH 7 


w 

s CIX 2 
/ " 


OCII 


4 II 7 between the two cyclic gioups 


is not 


Cephalein possesses a similar constitution to emetine, but has a 
phenolic hydioxyl in place of a methoxyl group 


Oorydalls Alkaloids 


A large numbet of alkaloids aie piesent in the bulbous rhizomes of Cmydahs 
cava t belonging to the Papaveraceee family, which m this respect is a worthy 
counter pait of Papaver somntferum , the source of the opium alkaloids At least 
fifteen alkaloids ha\e been discovered m the carydahs group, out knowledge of 
them being chiefly due to Gadamer, who has subdivided them into tlie coiydalniC| 
bulbocapnme and corycavine groups The members of the coiydalmc gioup 
are closely related to hydroberberine, and those of the bulbocapnme gioup to 
apomoiphine The latter undoubtedly contain a pheiiantlnene nucleus and must 
therefoie be regarded as members of the phenantluenc group of alkaloids 
The constitution of the corycavme group is not known with sufficient certainty 
to show whether this group is dnectly related to coiydahne 01 bulbocnpmne 


CII s O 





CHsO 

1 

\ 

V 

N 

\ 



CHo 1 






/ 

N OCH a 




\ 

J OCH, 


CorjdaHtio 



OCIJ 3 


The constitutions of cryptopine and protopine have been established by 
W H Perkin, jun, and co workers 3 By replacing the two methoxyl gtoups at 
the top right hand side of the above cryptopine formula by a methylene ether group 
(O—CH g —O) the structure of pro-topme is obtained 3 


1 For earlier references see Karrer, Btr , 1916, 40 , 2058 E bp*ilh and W Leithe, Ber , 

1927 60 , 688 See ntso W H Brindley ind F L Pyrnan, J C S', 1927 , 1067 8 R D 

Haworth and W H Perkin* jun ,/C S> 1926,1769 See also Chmi See Atm Rep , 1928 , 169, 

187 el se$ 




AFORPHINE GROUP 

Up to the piesent the following individual bases have been isolated 
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r 

Coiytl time 

C^IIo^NOj 

9 Bulbocapnine 

Ci D IIi 0 NO b 

2 

Coiybulbme 

C' 2 lU 2 0 N 04 

10 Coiydme 

^20^ f 03N O4 

3 

Isacoiybulbme 

C.,Ib 6 NO, 

11 Corypalmine 

CgqIIojiNC^ 

4 

Dehythocoiydalmc 

U *4 
1 — ( 

O 

O 

■M 

-q 

CJ 

12 Coiytubeune 

C 10 U 2 I NOj 

5 

Cotyc^vine 


13 Gl'iucjne 

CnjII^NOj 

6 

C01 ycav iminc 

Caill^NO, 

M 

c 21 h 21 no 8 

7 

8 

Coiyc ivulme 

C ia II,„N 0 6 

L olhoNO,; 

15 Piotopme 

G21H2 N O, 


Most of these alkaloid* no similar to moiplunc m then physiological piopeities 
and effect on the he ut, but as yet they aie not used in medicine For infoim ition as 
to then constitution the onginal papeis must be consulted 1 


VI — ALKALOIDS OF THU FHENANTHRHNE GROUP 

Aporpliine Group 

A numbei of the above-mentioned alkaloids, including glaucine, 
bulbocapnine and coiytubennc aie denvativcs of apoiphine, a base 
containing a condensed phcnanthicnc pyndine sliuctute Glaucine 
and apoiphine 2 have been synthesised by Gadamer, they are repie- 
sented by the following abbicviated foimulac, in which the noimal 
bcn/enoid nuclei aie to be distinguished from the hydiogenated lings 
(Me == methyl gioup) 
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MeO 
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i-Vinyl plicnantlncno 


Me 
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\/\ 



NMo 


cir,< 
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IIO- 




Pukftlemc 


MeO 


/\/\ 

\)\) 


_i j 

I nurclinc 


NMt 


Baigei and his co-woikers have established fmlhei examples of 
this type in lamotclanmc 0 (fiom vanous Lauiacca.) and in pukateme 
and lanrclme 1 (fiom the bark of the Pukatea, Lauieha Novae 

1 Gndntnci, Atch d Phatm , 1902, 840 ,19, 51, 1911, 210, 123, 187, S18 , 1916, 264 , 29s 
Feist, tint, 1908, 246 , 586, Aanhmi, ibul, 1909, 247 , 202 1 * Sjinth nnd Ling, Bn , 1921, 

64 , 3071 a A)ch Phai 111, 1925, 208 , 81 * G Birger and SilbcredtmicU, J C S, 1022, 
2919 4 G Barger nnd A Ghnrdet, Htlv Chun Act a, 1081 , 481 
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Zealand!®) Fiom their geneial pioperties and behaviotn on oxidation 
the last two compounds have been assigned the above constitutions 
In physiological action they resemble morphine 

When submitted to exhaustive methylation apoiphine yields i-vmyl- 
phenanthrene The methoxyl derivatives undei similar tieatment aie 
converted into the coi responding i-vinyl-methoxy-phenanthrenes 

Morphine Alkaloids 

Morphine, Codeine and Tiieuaine 

It has been definitely proved that the alkaloids morphine, codeine 
and thebaine contain a phenanthiene nucleus, but the nature of the 
nitiogen ring is not yet known with ceitamty The idea ongmally 
advanced by Knorr, that they aie denved fiom moipholine (p 238), has 
now been abandoned From the investigations of Pschoir it is piobable 
that these compounds, like those m the pievious section, contain an 
isoqumolme ring, but other possibilities are not excluded Hence 
the usual method of classification, accotding to the basic complex 
pi esent, cannot be adopted hcie 

Morphine is the chief basic constituent of opium, m which it is 
pi esent in quantities varying fiom 3 to 23 per cent It was the first 
alkaloid to be isolated from a plant source, and its discoveiy by the 
apothecaty Serluinei, m 1806, has been of great value to pharmacology 
and the development of organic chemistry Its composition was 
shown by Lament to coirespond to the formula C 17 H 10 NO 8 -i-H a O 

Moiphme crystallises from alcohol in small prisms which melt with 
decomposition at 230° It dissolves spaungly in watei, is odourless, 
has a bitter taste and is laevoiotatory 

The hydrochloride, C ir H 10 NO a , HCl+3H a O, motphinm hydrochloit- 
cum, crystallises in fine silky needles It is widely used as a sopoufic 
and foi the alleviation of pain Solutions of moiphinc and its salts 
give a dark blue coloration with ferric chloride, a solution of the 
alkaloid in concentrated sulphunc acid is coloured blood-red on the 
addition of a Utile nitric acid 

Oodeine also occurs in opium, but in smaller quantities (o 3 to 2 per 
cent ) than morphine From this source it was isolated by Robiquet in 
1S32 Gerhaidt pioved the formula of codeine to be C 18 H 21 N 0 8 ,H a O, 
from which it was concluded to be a homologue of morphine It is 
generally prepaied from the lattei compound 

Codeine crystallises in prisms 01 m octahedra of the rhombic 
system, it melts at 153 0 and is spaungly soluble in watei oi alkalis 
It is laevorotatory, very poisonous and possesses a somewhat bitter 
taste Like morphine it is a narcotic Codeine and similaily con¬ 
stituted compounds are of greater medicinal value than morphine, 
on account of their sedative action and the fact that they 1 educe 
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nutation of the air passages, hence they exeit a favourable influence 
on lespnation Codeine is theiefoie a valuable specific in the 
treatment of coughs Codeine methobromide is used under the 
name of eucodme 1 

Thebaine, which ciystallises in silveiy plates of melting-point 193 0 , 
is present in opium in quantities vaiying fiom o 2 to 1 pei cent 

A companion of the foimukc of morphine, codeine and thcbaine 
suggests that these compounds aic closely 1 elated to one anothei 
This is supported by the common occui 1 once of the thice bases in 
opium, and by the. lesults of expet 1 mental investigation 


C 17 II 10 NO S 


Morphine 


c,„h 21 no 8 

Codeine 


fhelynne 


Feu this leason it is convenient to discuss motphme, codeine and 
thebame in connection with one anothei Owing to then greatci 
piactical lmpcn lance, moiphine and codeine will be heated in mote 

detail 

Action of Dehyd)atm% Agents on Moiphine 


Oxalic acid, sulphmic acid, hydrochloitc acid, phosphonc acid, alkalis and 
concentrated solutions of /me chloride may act on moiphine in two ways Some 
times condensation takes place with the formation of compounds such as 
tnmoyphme and iettamo>phine y and sometimes watci is eliminated according to 

the equation 

C^IT^NOj ^ II a O I C n II w NO fl 

Mor jj 11 i no Apomo j phi no 


The compound cipomoi phlno is an amorphous, sparingly soluble base, which 
readily undergoes oxidation In physiological action it diflcis entirely fiom 
moiphine, it has 110 naicotu. piopertics but is a poweiful emetic For its 

constitution, see p 736 


Functions of the thice O if gen Atoms m Moiphine 

Relationship of Moiphine to Codeine 

The three oxygen atoms of moiphmc possess diffeicnt functions 
One of them is picscnt in a phenolic hydioxyl gioup, which endows the 
alkaloid with ceilatn acidic propci ties The hydiogen of this group 
is leplaccable by metals and by acyl and alkyl tadicals, in codeine 
it is leplaced by a methyl gioup 

Codeine is theiefoie a methyl ethci of moiphine This lelationship 
between the two alkaloids was iccogmscd by Matthicssen and Wnght 
in 1 S6c>, 2 and lepiesented by them as follows — 

C lV II w NO (OII) a C 17 II, t NO(OII) (OCII 0 ) 

Morphine Codeine 

By the action of concentrated hydiochlotic acid on codeine at ioo° 
they obtained an amorphous chloi mated deuvalive, chloiocodide 

C, 8 II 21 N0, 1 IIC1 - C ia II ao ClN0 8 l lip 

Codune Clilorocodide 

1 C y 190s, II, 785 13 P*oc Roy Soc , 1869, 1 % 364 
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When this was heated with water at 130°, codeine was legenerated 
With hydiochlonc acid at 150°, on the othei hand, it was decomposed 
into apoinoiphine and methyl chloride 

C 18 II 2() C1N0 2 - CtfH w N 0 2 + CH s Cl 

Chloiocodide Apomorphiue 

On combining these two equations, it is seen that hydrochlonc acid 
decomposes codeine at 150° with elimination of a methyl group and a 
molecule of watei The solid reaction product is identical with that 
which lesults from morphine by the action of dehydrating agents 
Hence codeine must be deuved from morphine by the replacement 
of a hydi oxyl group by a methoxyl group 

I he conveision of moiphme into codeine, which was effected in 
1881 by Gitmaux, confirmed the conclusions of Matthiessen and Wnglit, 
and definitely proved that codeine was the monomethyl ether of 
morphine Gumaux piepaied codeine from moiphme by tieating the 
latter with methyl iodide in the piesence of alkali 

C l7 H„NO(OH) 3 I CH a I + KOH = KI + H a O + C 1? H lt NO(OII)(OCII 8 ) 

M orplune Codeine 

The constitutions of these two alkaloids may thus be discussed 
togethei 

lhe second oxygen atom in morphine has been shown by PI esse 
to be piesent in an alcoholic grouping >CH OH, since codeine on 
oxidation yields a ketone codemone 

The third oxygen atom is very non-ieactive Accoidmg to 
Vongeuchten, 1 it is united to two caibon atoms, as in the ethers 

O 

/ \ 

Roser and Howard, by the use of Zeisel's method, piovcd that 
thebame contains two methoxyl groups Thus the 1 elationslnp between 
the three alkaloids may be repiesented as follows — 


Non reactive Phenolic Alcoholic 

ox ye en hyto^l ‘ 


Moiphme 

C ir 


N 

0 

OH 

HOH 

Codeine 

Cw 

H 10 

N 

0 

OCII 8 

HOH 

Thebame 


h 14 

N 

O 

OCH„ 

HOCH 


Function of the Nittogen Atom in Morphine 

The behaviour of morphine on exhaustive methylation 2 shows that 
the nitrogen atom is contained in a ring, and that it is attached to 
three caibon atoms and therefore tertiary Morphine unites diiectly 
with one molecule of methyl iodide to give a methiodide 

When methyl-morphine methiodide (z e , codeine methiodide) is 

1 Ann % i88r, 210 , 10$ 8 Knorr, Ber , 1889, 22 , 182 
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heated with caustic soda it is leaclity conveitcd mto a tertiaiy base, 
methyl-morphime thine (Hesse) 

CII 

C jy IIiyO(OII)(OCIl 8 ) N \ ° - II 2 0 + C 17 H J0 O(OtI)(OCH 8 ) N CH S 

This reaction lesembleslhe ti ansfoi mation of dimethyl-pipeiidinium. 
hydroxide into penlenyl-dimcthylamine (see p 647 et seq ), which 
necessauly involves the clisi upturn of the pipeudine ling Hence it 
maybe concluded that the fonnation of mcthyl-morphimethine is due 
to the luptuic of the mitogen ting of moiphine 

Methyl-moiphimcthmc exists m diffeient isomciic foims and is a 
teitnuy base, leading only with one molecule of methyl iodide, to 
give a methiodidc 1 Its constitution will be discussed moic fully latei 

Thebaine is also a teitiaiy base and yields a methuxhde of the 
formula C 10 H 21 NO n ,CII a I 

At uwgement of the Carbon Atoms m Mot plane 

Of the 17 caibon atoms in the moiphine molecule, 14 must belong 
to a phcnanthienc nucleus, since the non-mliogenous decomposition 
products of the alkaloid have always piovcd to be phenanthrene 
dei lvatives 

Phenanthrene itself was isolated by Schiottei and Vongeuchtcn 
by the distillation of the alkaloid with 7inc dust Knoir obtained it 
in the same way fiom melhyl-moiplumethinc 

Decomposition of Morphine, Codeine and Thebaine 

The decomposition of morphine and its denvatives into nitrogenous 
compounds of low carbon content and mtiogen-fiec compounds, which 
aie uch in caibon, may be accomplished in vanous ways, eg, 1 By 
the action of hydiochlonc acid or acetic anhydiide on the melho- 
hydioxides of moiphine and codeine, or on mcthyl-moi plum ethnic 
2 By decomposition of the ammonium bases of the morphine gioup 
under the influence of heat 01 alkalis 

Decomposition Products of Morphine zvhich do not contain Nitrogen 

The degradation pioducts obtained by method 1 aic deiivativcs of 
the compound vioifhol, C^H^OII)^ descnbcd on pp 552, 554, those 
obtained by method 2 aie cleuved from the phenolic compound 
morphenol, see pp 552, 554 

The constitution of these two compounds has been established chiefly 
thiough the analytical lcsearches of Vongericlitcn and the syntheses 
of Pschorl 

Moiphol has been identified as 3 4«dihydioxy~phenanlhicne, and 

1 Knorr, Bn , 190a, SB, 301a, 
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this constitution has recently been confirmed by the synthesis carried 
out by Barger 1 (p 552) 

Pschon and Vogtheri 2 piepared the acetyl derivative of 3-methoxy- 
4-hydroxy-phenantluaquinone by method 5 described on p 548, and 
found it to be identical with the acetyl derivative of mcthyl-morphol- 
quinone which Vongerichten had previously obtained by healing 
methyl-moiphimethine with acetic anhydride 

Thus the methoxyl group in codeine and the phenolic hydroxyl 
group in morphine each occupy position 3 m the phcnanthiene nucleus 
The furthei question as to whether the hydioxyl gioup in position 4 
m the decomposition products corresponds to the mdiffeient oxygen 
atom or to the alcoholic hydioxyl of morphine was decided by Knori 8 
m favoui of the foimer assumption He was able to show that one 
of the decomposition ptoducts of codeinone—a ketone obtained by 
the oxidation of codeine—is 3-methoxy-4 6 dihydioxy-phenanthiene, 
and concluded that the 


4 * 




5 / 


I 5 \ 


»y 


alcoholic hydioxyl gioup is attached to 
position 6 Hence the alkaloids moiphine 
and codeine are denvalives of 346- 
tnhydroxy-phenanthrene Fiom the inves¬ 
tigations of thebaol and codeinone to be 
described later, it also follows that thebaine 
is derived from the same compound The functions of the three 
oxygen atoms in morphine may thus be indicated as follows, 
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OH Oil 
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OH 

Alcoholic 

hydroxyl 




—o 

Indifferent 

oxygen 


OH 

Phenolic 

hydroxyl 


Nitrogenous Decomposition Products of Morphine and the 

Decomposition Products of Thebaine 

Our knowledge of the mtiogenous decomposition products of 
morphine is chiefly due to the investigations of ICnon 4 

The decomposition of methyl-morphimethme has given lesults of such 
importance that this compound may be considered the key to the 
constitution of morphine 

By the decomposition of methyl-morphimethine metho-hydroxide 
under the influence of heat, the volatile basic decomposition product 
was found to be trimethylamine When treated with acetic anhydude 
the compound gave dimethylamine Hence, of the three cat bon atoms 

1 Barger,/ C S, 1918, 118 , 218 a Ber, 1902, 85 , 4412 » Knmr, Bet , 1903, 88, 307 | 

* Knorr, Bet , 1889, 22, 181, 1113, 2081 , Ber , 1894,2*7, 1144, Bet , 1901, 87 , 3491, 3499 
^,1905,88,3173 * 
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which he outside the phenauthiene nucleus m moiplune, one must be 
united to mitogen in the foim of a methyl gioup 

Methyl-moiphimelhinc was found to be decomposed by acetic 
anhydnde to give the basic ptoducts dimethylamme and the acetyl 
denvative of hydtoxy-ethyl-dimeihylavmie, HO CH S CII a N(CH 3 ) a 
The isolation of hydroxyelhyl-dimethylamme gave use to the 
etioncous conclusion that in methyl-moiphimethine the phenanthi ene 
component and hydioxyethyl-dimethylannne ate linked togethei 
through the oxygen atom of the base, and led Knorr to advance the 
“ oxazinc" 01 *' moiphohne foimula” foi moiplune (see p 732) 

Fiona thebamc, m a sumlai manner, Fieund 1 obtained acetoxyethyl- 
methylamme, CII a CO O CII 2 CII 2 Nil CII 8t and acetyl-lhebaol 
The lattei was identified by Pschou 2 as 3 6 dnnethoxy-4-acetoxy- 
phenanlhiene (see p 555), thus piovmg that the two inethoxy gioups 
in thebaol, and Iheiefoie also in thebame, occupy positions 3 and <5 

In an attempt lu isolate any intcimediate compound which might 
be foimcd during this decomposition, Pschott and IIaas a investigated 
the action of ben/oyl chloudc on thebainc alo° The degiadation of 
the alkaloid was found to take place veiy smoothly undei such conditions, 
with the foimation of the benzoyl derivatives of thebaol and hytb o-xyethyl- 
methylamine 

The above oxa/ine or moiphohne formula had to be abandoned aftei 
the discoveiy that the complex C C N could be detached ftom the 
moiplune molecule as ethyl dimcthylavunoethyl etlm , 

CII aV 

>N Cn 2 CII 3 O C^IIj, 

CII 8 / 

by heating methyl-moiphimethine with sodium methoxide, or thebame 
and codeinone methiodides with alcohol 

The above ether-base, howcvei, is not a pnmaiy decomposition 
pioducl Knon suggests that the thiec-mcmbeied chain of the side ring 
is fiist icmoved from the moiplune alkaloids m the foim of an un- 
satuialed compound, piobably as vinyl-duncthylamine (CII 8 ) 4 N CII CII a , 
which at once combines with alcohol to give the ethei-base 4 

(CII b ) 2 N CII CII a H C a II n OII » (Cn 0 ) 2 N CII a CII a O C a II fl 

Should this piovc collect, then the acetyl dcnvaLivcs of the alcohol 
bases, obtained by the action of acetic anhydnde on methyl-moiphi- 
melhinc, thebame and codeine, must be legatded as secondaiy addition 
products of acetic acid with a compound which docs not contain oxygen 
In this case the formation of the hydiammes cannot be due, as was 
foimeily suggested, to a hydiolytic decomposition m which the 

1 Freund, Bey, 1897, 80,1357 9 Pschori, Bey, 190a, 36 ,4pi * Paction and Ilnia, 

Bet , 1906, 89 , 16, 4 I Knorr, lh >, 1904, 87 , 3500, 3507 
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“indifferent” oxygen of the onginal alkaloid is convcited into the 
hydi oxyl group of the alcohol base 

These views have leccived support fiom the observations of Knon 
and Pschon, who found that thebainone 1 is decomposed by acetic 
anhydude with the formation of hydioxyethyl-dimelhylamine, thus 
behaving similaily to methyl-moiphimethine, even though it no longer 
contains an indiffeient oxygen atom 

Foi these masons the assumption of an oxa/ine ring in moiphme 
and thebaine has proved untenable, and theie is no doubt that the 
indifferent oxygen atom in the moiphme alkaloids is ptesent in a 
futane ling, foiming a budge between positions 4 and 5 of the 

phenanthiene nucleus A similai stiuctuie 
is found in methyl-morphenol, which is a 
decomposition product of melhyl-moipht- 
methme (Vongei ichten) fhe complex 
XCgll^NCHg) is theiefote attached to the 
phenanthrene nucleus in methyl-vioiphtme thine and the moiphme 
alkaloids by means of a catbon linking 

The same conclusion was ai rived at by Freund a from a study of 
the action of 01 gano-magnesium halides on ihebame Fiom the couise 
of these reactions Fieund concluded that of the thiee oxygen atoms 
in thebame, of which two aie piesent in methoxy groups, the third 
belongs to a ung similai to that occuiring in diphenylene oxide 
Hence the complex attached to the phenanthrene J- nucleus is not 
—O CH a CII 3 N CII 8 but —CH 2 CH 2 N CH a Fieund theiefoie 



expressed the stiucture of thebame by a formula 8 similai to III, 
P 734 j m which howevei the ethanamine chain is attached to a diffeient 


position (C 5, see p 733) 

Knoi r and Pschorr 1 summause then views on the constitution of 


the morphine alkaloids in the following 
statements 

1 The three morphine alkaloids are 
dei ivatives of 3 6 -dihydi 0 xy-p hen an th lylene 
oxide 



I11 motphine the hychoxyl groups are present as such, in codeine 
one of them is methylated, and 111 thebaine both are methylated 

2 Attached to the phenanthiene nucleus as a side ling is the 
divalent complex —C 3 H 4 —N—CH S 


S!hob&.lnQnfi is 'i ketone obtained by reducing thebame witli c tannous chloride nnd Hydro 
chloric icid (Pichorr, Bet , 1905, 88, 3160) It v,ns also isolated by Knorr by tbe reduction of 
codcinone {Be> , 1905, 88, 3171), hence the ketomc oxygen is in position 6 in the phenmthrene 

3 Bet > 1 9 °Si S8 > 323 + 8 M Fieund, Bei , 1916, 40 ,1299 Freuntl and Speyer, 

h j I 9 ! 7 i 530 4 L Knorr and Pschorr, Bsr , 1905, 88, 3176 
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3 The nucleus present in Ihobame is tetiahydro-phenanthrene, 
whilst that in moiphine and codeine is hexahydio-phenanthiene The 
six additional hydrogen atoms in moiphme are di&tubuted between 
lings TI and III, wheteas ling I, to which the phenolic hydtoxyl gioup 
is attached, possesses tiue aiomatic piopeities From the course of the 
degiadation it appeals that the complex Calli N CH, belongs to 
the 1 educed pait of the phenanthienc nucleus " j 

A considei ation of all the available facts led Knort 1 to put foiward 

foiinula I for moiphine in agiecmenl with that advanced by Faltis 
a yeai cathci 2 



Although these foimulre satisfy most of the expetimental facts, 
theie aie a numbci of points which they fail to explain 

The points still at issue aie the position of the double bond and 
the mode of attachment of the cat bon end of the C—C—N chain to the 
phenanthienc nucleus In 1925 it was suggested independently by 
Gulland and Robinson, 8 ant! by Wieland and ICotake, 1 that the double 
bond in moiphme and codeine should be allocated to position 7 8 
instead of 8 14 as in Knott’s fotmula Furthct confiimation of this 
new anangemenl is given by the investigation earned out by van Duin, 
Robinson and Smith 6 on neopine , a comparatively rate alkaloid found 
in opium, which has been shown to be an isomer of codeine having 

1 ICnoir, liei , 1907, 40 , J3ji ** I'allis, J C 9 , 190G, A, 1 , 9-79 Direct experiment'll 
evidence for the existence of n doubla bond m codeine 1 b provided by oxidation of the latter to 
the glycol, dihydioxy-dihydiocodeine, on treatment tilth dilute aqueous pcrnnngnnile (R & 
Culm ind R Robinson,/" L S , 1020,908) 6 J M Gulland and R Robinson, Mamhestt) Lit and 

PAtl Soc , 1925, No to Nature, 1925, 116 , 625 ‘ Wlcltmd mid ICotake, Ann , 192.5,444, 

69 , Be) , 1925, 68, 2009 11 v *m Duln, Robinson and Smith,./ C 6 , 1020 , 903 
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the double bond m the 8 14-position Ceilam othei woikcis 1 have 
now adopted the A-y 8 stiuctuie foi moiphine and codeine 

In 1923 Gulland and Robinson 2 advanced atgumcnls 111 favoui of 
a C 13 01 C 14 linkage for the ethanamine side chain, a modification which 
is supported indirectly by Schopf’s pioof 8 that the union is not in the 
C s position, and also by the direct expei lmcntal woik of Wieland and 
Small 4 and Gulland 6 The final choice between C 13 and C 14 is com¬ 
plicated by the surptising migrations which may occui in the alkaloids 

of this gioup undei 1 datively mild 
experimental conditions, leading to 
the fotmalion of denvatives contain¬ 
ing substituents at G 5, C 13 01 C 14 
Foi example thcbaine on bung 
heated foi a short time with dilute 
hydiochloric acid yields thebe time , in 
which the C—C—'N chain is found 
attached to the 5-position 0 On the whole, howevet, the evidence 
indicates C 13 as the most probable point of attachment, as 111 
formula II 

Thebaine is a less hydrogenated alkaloid rcpicsented by Gulland 
and Robinson as having foimula III, identical with that of Knori 


CII 8 0 

HO 




CH S NH CII 2 Clio- 



Thebemne 



Oil 



NCH 


Codetn e 

(Gulland and Robinson) 



NCH 


3 



CII 

Thehlne 

(Gulhnd 'ind Robinson) 


. „ \ and R S Cahn, Ann, 1926, 461 , 55 C Schopf, Ann , iga 7l 462 , an 

Gulland and Robinson, J C S , 1923, 080 , 998 » Schopf, he cU * Wieland and 

Small, Ann ,1928, 46 V, 17 “ J M Gulhnd, / C S, 1028 , 702 0 Knorr, Bt, , 1903, 

86, 3074 Pschorr, tbtd, 1904, 37, 2730 1907, 40, 2001, Ann , 1910,878, tr, 77 J M 

Gulland and C J Virden, J C S, 1928, gai 5 ’ 77 f 
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except foi the cliffcicnt point of union of the C—C—N chain The 
foimula is suppoitecl by Schopf’s 1 eduction of thebamc to tetiahydio- 
thebane 1 


Convo sion of 7 hebame into Codeine 


As has alteady been explained, thebamc lesembles raoiphme and 
codeine in constitution, but lcpiesents a diffeient dcgiec of hydrogena¬ 
tion of the phenanthienc nucleus Attempts wcie theiefoie made to 
establish an expenmental connection between these two stiuctuies 
This was successfully accomplished by Knon 2 thiough the compound 
codeinone, obtained by oxidising codeine with chiomic acid or 
potassium peimanganate 8 The changes involved aie summansed m 
the following scheme, m which the heavy type denotes gioups talcing 
part in the inactions 


c 15 ii h noI 


OH 
r JK 
C< 0 H 

CHo 


( U,I h KOIl 

- -jr 


c Ul n u No 


Morphine 



Codeine 


Oxidation 

— 

Ruluclion 


c lt> u u m 


-och 3 

-C 0 


ItydrolyHla ov by 
notion of broinfnn 


< 


CH, 

£ odemonc 


a nd elimination 
of< IIjHr during 
dobrornltitiUon 


Ci f ,ir..NO 


OCH. 

C OCH 

II 

CH 


rhcbunc 


As is nppaicnt ftom the above foimula 1 ', coclcinonc is the ketone 
coriespondmg to the alcohol codeine It is also closely lelated to 
thebamc, which accoiding to ICnon (lot cit ) is the methyl ether- of the 
enohe fonn of codeinone In this lcspcct thebatne is i elated to codeinone 
in the same way as codeine is to moiphine It was theiefoie of mteiest 
to discovei a means of converting thebamc into codeinone and codeinone 
into thcbaine 

The fiist pait of the pioblem has aheady been solved in two ways, 
as indicated above On the one hand, Knon succeeded in convcitmg 
thcbaine into codeinone by simple hydiolysis with hot oi cold dilute 
acids, and on the othci, Ficuncl obseived the foimation of codeinone 
fiom the btomo-dcuvalivc of thebamc 

Ehikoclal 1 is the hydrochlonde of dihydio-hydioxy-codeinone, 
C^IIgiOjN, HC1 It is a white powdei which melts unsharply at 270° 
Like codeine and moiphine it is a naicotic, but is moie lapid in 
its action than eithei of these It cxcits no haimful influence on 
the hcail 

1 Schopl, loc cit 8 L ICnorr, Bit , 1906, SO, I jog I' remit!, Bo , 1906, so, 841. 
8 Ach md Knorr, Bo ,1903,80, 3067 4 M Ft cund nnd F Speyer, A/tlur/t mid Woe fun schf , 
1027 ) 380 r Merck's Jaht tsb&r\chi % I9l0 t 307 
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HC 

C 


CH 


C OH 
C OH 


Apomorphlne, which has been mentioned on p 727, is obtained by 
the action of dehydrating agents on moiphine Physiologically, it has 

quite diffeient properties from moiphmc, it 
is no longer a narcotic, but is an expectoiant 
and emetic Pschorr 1 has shown that its 
composition corresponds in all probability to 
the annexed formula This sti ucture has 
recently been confiimed by the synthesis of 
rfAapomorphinedimethyl ether 8 Apomorphine 
methobromide is also used therapeutically as 
an emetic undei the name ctiporphim 8 1 he 

latter is less violent in its action than, apo¬ 
morphine, consequently it produces less 
stiain on the heail and may be used for a 
longer period without danger to the patient 


C 



V \CH 


y r \/ 

H„C c CH 


CH 


^ 22 ^ 26^0 


ALKALOIDS OF THE MEADOW SAFFRON 

To this group belong colchiceine, C 2l H O3 NO 0 +]I-I 2 0 , and colchicine, 
0 Oolohlcme melts at 143° to 147 0 and is veiy poisonous 
It is employed medicinally m cases of lheumatism and gout A Wmclaus 1 
has shown that the alkaloid is deuved fiom 9 methyl-phenanthiene, 
and assigns it the following structure in which the position of substituents 
in ring III is still uncertain 


CH g O 


CH b O 


S\/\/ Cll& 


II 


\ 


Nil CO CII 


8 




CH 


8 


A 


III 


V 


1 1 

o 

Colchicine 


CH OCII 


a 


VIII 

Azmes 

Under the heading of agtnes are grouped various classes of 
compounds containing a six-membered ring built up of carbon and 
two or more atoms of nitrogen, or of carbon and nitrogen together 

1 Pschorr and collaborators, Ber t 1902, 35 , 4377, 1907, 40 , 1980 Aveimrms and 

Pschorr, Btt , i 9 ^ 9 » 3^1 ® Spath and O Rromatka, tbtd , p 3^5 See, however, On Hand 

and co-workers,y* C 6 , 1929 , 1791* 1666 3 C , 1905, 1 , 702 , 1906,1, 1067 « A Wmdaiis, 

Ann , 1924, 489 , £9 
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with oxygen or sulphut Compounds of this type containing oxygen 
arc tcimcd oxaA/tes } those containing sulphm are known as thuiAties 
"Ihe azines are usually named in accoidance with the numbet of 
nttiogcn atoms in the ling, eg diazmes, triazines, tetrazines, etc 
These six-inembeied rings may be compaied with the five-membered 
azole ungs pieviously descubed Belonging to this group aie 
impoilant classes of dye stuffs 


I — DIASZINEIS 


The simplest a/incs,containing a nng composed of fout caibon atoms 
and two nitiogen atoms, will be taken (list JThiec senes of diazines 
aic theoietically possible, deuved fiom the following compounds — 



N 

iic/^cii 



lie 



CH 


lie 



Oiihoflm/mc, 

Pyruliwine 


All of these <ue known 


IIC 


N 


CII 

Mel idn/inc 
PyumiilinL 


ncMcn 

N 

Pai uh i/inc, 
Pyridine 


Oi thodiassineB or pyilclazines caw often be prepat cd by the oxidation of their 
dihydio derivatives, obtained by the condensation of hydumnes with i 4 dihetoncs 
01 1 4 keto acids 


R C GIIu Cir L C R 



HjN Nir fl 

-*-> R C t IT, on, C R 

1_ i 


—r c cn=cn c r 

II II 

N— — - N 


the p.ucnt substance, jbytidasi/ie, lcsults fiom the action of hydiazinc hydiate 
on tlic acctm of mtro succinaldcliyde, O CII CII(NO,j) CII CII O CO Clh, 
fnimialdehyde being formed as an inlenncdinte compound 1 It is a colouiless 
liquid, bp 205“ at 755 5 mm Iho base has an odour lesunbhng that of pyndinc, 
and the majority of its salts aie icadily soluble in water 


Metadiazines 01 pyrimidines, which include the cyclic uieides and 
puuncs, play an impoilant pail in physiological piocesscs They may 
be picpaicd by condensing the amndincs of vauous carboxylic acids 
with 1 3-dtkelo-compounds 


R. C 




CO R' 
CO R" 




Amidines, uiea and uiea denvatives condense with cyano-acetic 
acicl to give substituted pyiimidines containing an amino-gioup in 


J R Maiquis, / C S, 1903, A, 1, 370 See also 1 - laubor, Bet , 
fa Gibriel, Bet , 1909, 43 , 654 M I nugc, B„> , 1909, 43 , 576 


1895, 28 , 451 
3 A 
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posibon 4 These compounds are used in the synthesis of v.mous 
xanthine bases 1 (see p 342) 

Pyrimidine denvatives aie also obtained by the condensation of 
dicyandiamide, or of guanyl urea, with malomc cstei, autoacotie cstci, 
cyano-acelic estci or their denvatives 2 The polymoiisation pioducts 
of aliphatic nitnlcs known as cyanalkln.es, 8 which have been mentioned 
in an eaiher chapter, arc also amino-pyiimidmcs Ihesc aic louned 
under the influence of sodium It is assumed that two hydiogen atoms 
in a molecule of mtnle migiate fiom caibon to mttogen,and that the 
resulting complex then unites with two othci molecules of mlulc, as 
shown below 


CII 8 C N 


C—II 



1 


C—Nil 


2 


N C CII„ 
CII B C N 


N C CU, 
Cll fl ^Cll 

N C NII n 


Labile hydtogen is theieforc neccssaiy fot the foimalton of a 
cyanalkine Hence only ptimaiy nitules (RCII/'N), which contain 
two hydiogen atoms attached to the a-raibon atom, can undeigo such a 
change A mixture of nitriles will icact together in this way if at 
least one of them is of primaiy chaiactcr 'leilnuy nitules give 
compounds of the cyanutic scries This change is bi ought about even 
mote readily by use of sodarmde It is also possible to uso sodium 
methoxide, the icaction being earned out in scaled tubes at a 
temperature of 130° to 140° 


246 Tnamtno pyrimidine, is prepared by llie action of lvuilonci mlulc on 
guanidine, in accoidancc with tlic equation, 1 

NII a CN N—C NIl fl 

II I | 

IIN G 1- OII 8 = n s N c dn 

Nii a An il—di Nii a 


Whereas the pyrimidines are stiongly basic m clvxractci, the oxypyiumtlmcb 
possess both basic and phenolic properties 

Fyiimldine, the parent compound of this gioup, is bast prepated fiom baibituuc 

acid, by treatment with phosphorus oxychloride and reduction of the itsuUmg* 
tnchloio derivative 6 


NO—CO 

do cib 
i ! rn—co 

Bnrblturio add 


P001 a 


-> 


C Cl 
1,1 
C Cl 

2 4 0 Idcliloro 
pyiimldlno 


N— 

lot 

A 


llflduoUon 


(1) N—^ClI (6) 

( 2 ) An An ( 5 ) 

C3) N—All (4) 
X^rlmidlno 


It is a crystalline compound of narcotic odoufj and dissolves icaddy in watci 
It melts at 21 0 and boils at 124^ 


1 W Traube, Ber , 1900, 88, 1371, 3035, 1904, 37, 3267 »/r j 1 , 1906, A, i, 705 

8 For further det-uls, see E v Meyer,/ C S , 1906, A, i, 4x1 * Imubo fit) , 1901, 87, 

4544 6 Gabriel, Ber , 1900, ag > 3666 
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Dei lvatives ofpynmidme are of great importance physiologically, 
1 take pait in a numbei of fundamental life processes For 
^triple, they have been shown by Kosse) to be present , q 

tlic cell nucleus, whete the synthetic changes i If 

’Delated with the growth of the cell take place A CO C CII a 

iple pyilmichne deuvative is thymine p 01 5-methyl- | || 

6-d liiydroxy-pynmidine, which can be obtained in DII 

S e quantities fiom animal and vegetable nucleins rh> mine 
e P 770 ) It has also been synthesised by E Fischei 
Tile pavadiazinea 01 pyrazines aic prepared by the elimination of 
tei and hydiogen from a-ammo-aldehydes 01 ci-ammo-kelones, eg, 

I (y) ( 8 ) II 

CII C II CII C II 

r a N CII 2 CHO - 2lI a O hll a |-N^ \n or2 N tt 

circn cTTch 

W) <«) 

As a lesult of this method of ptepaiaUon, these compounds aie also 
Heel alcUnes or ketines They aie weak bases, their salts being 
diolysed in aqueous solution When leduced with sodium and 
ohol, pyra?ines aie converted into the hexahydro-deiivatives 01 
poraaines, which are analogous to the pipciidines 
Pyrazino itself is produced by the condensation of ammo- 
ctaldehyde 01 amino-acetal It melts at 55 0 , boils at 115 0 , and has 
1 odour of heliotrope Its 1 eduction product, piperazine, which 
a stiong diacid base, has alicady been desenbed on p 240 
y~JDimethyl-py>a^inc, ketvne , CjII a (C II 3 ) 2 N 2 , is a liquid boiling at 153° 
is obtained fiom isomtioso-acetone by 1 eduction, ammo-acctonc being 
lined as an inlet mediate pioduct It may also be pieparcd by the 
slillalion of glycciol with ammonium salts The tailiatc of uy- 
mctlayl-pipeia/ine (obtained by reducing uy-dimcthyl pyiazme) has 
en vised, undei the name of lyootol, as a solvent for uiic acid in cases 
gout Pipeia/inc has also been employed foi the same put pose 
Among other deiivatives of pipciazine aie the 2 5 -diketo- 
pev/zvines, desenbed on p 215 these have been used in the 
mthesis of polypeptides Dialkyl-dilceto-piperazmes have also been 
'nltiesised 8 

II —BIQNZO-DIAZIN1DS 

The ling systems described under diazincs may also occur in 
arnbination with ben/cnc nuclei, thus giving li&e to a numbei of new 
asses of compounds These aie teimed mono-benzo-diaztncs 01 

* I 1 'or tlie detection of thymine, nee T D Johnson nnd Baudisch,./ Am C S , 192r, < 13 , 2670 
It his not yot been possible to decide between formula: I and II for pyrume, but the former 
ill ho used in the succeeding ptges I*or evidence supporting foimula II, sco L Wolff, Be* , 
S93, jao, 72a * Roscnmund, Bet , 1909, 43 , 4470 
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chbenzo diazines, according as one or two benzene nuclei aie condensed 
with the diartne ring 


From pyndaztne aie derived cinnolutes 1 and phihalayina 


N 



\/\/ \/\/ N 

Glim oil no Plitbaiazino 

Phthalazme is obtained by the action of hydiazme on ortho denvatives of 
benzene which are bronunated in the side chain * 


/CHBr 3 II 3 N yCII N 

C S II 4 < -i | - 0,11 ,< J h 4^Br 

\CIIBr a II 2 N \CII N 

Pyrimidines and pyrazinesgive rise lespectively to qumazohnes and qumoxahnes 


N N 



Quinazollno Quinomllno 


Qmnazohms are prepaied by the action of ammonia on acyl denvativcs of 
o ammo benzaldehydes 

/NH CO CH 3 /N * C CH a 

c q h 4 < + nii 3 = c Q u/ | a 2ir a o 

NCHO \CII N 


They are strong bases, which are leadily reduced to then dihydio compounds 
Qmnazohne itself is a solid, m p 48° and bp 243* It is obtained from initio- 
benaylamme (I), which is first reduced to o amino benzy lam me (II) The latter 
is then treated with formic acid, and the dihydio qtunazohne (III) so obtained 
is oxidised to qmnazolme 3 (IV ) 


I 



O H / N °- 

* *\cn. 

NH a 

-II 

c 0 n 4 <^ 

■NII S 

.cn a 

NHj 

/N= 

■CH 



/N= 

=CII 


1 

->- IV 

C 0 II 4 . 

/ 

V 

1 

\ch 8 

NH 


NCII *N 


The preparation of quinoxailnea by the condensation of 0 diamines with 
1 2 diketones has been mentioned on pp 249 and 387 These are weakly basic 
compounds, which may be reduced to hydro qmnoxalmes, but are stable towards 
oxidising agents 


In the dibenzo-diazme series the most interesting compounds ate 
the dibenzo paradiaaunes or phenazinee Several impoitant classes 
of dye-stuffs, such as the eurhodines, mdulines and safranines, belong to 
this group 

1 See also Busch and Hast, Ber y 1897, SO, gat R Stoermer and PI Pmcke, Btr , 1909, 
42 , 311$ O Widmann, j 6 td } 4216 s For other methods, see S Gabriel, Bo , 1903, 88, 3373 
3 Gabriel and Colman, Ber , 1904, 87 , 3643 
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J lu simplest example is phena~tne, which may be represented by 
(lthii of the foimuhe I ot II below Formula I, containing two 
quinonoicl linkings, will be used in the following pages 


N 

I /\^\/\ 



\/\/\/ 

N 



Plionazino ciystallises in bright yellow needles, mp 171°, and is 
easily sublimed It may be prepaied in several ways, eg by heating 
nitiohcn/cnc with aniline 1 at 140°, in the presence of sodium 
hydi oxide I his reaction is piobably to be represented as follows 


<yi, no 2 




+ C 0 H b NHo 
— H a O > 



IlrtO 


C«H 4 



N 

I 

N 


Xf if 


l’hena/inc mav also be synthesised by heating a mixtme of catechol 
and o-phcnylenc diamine In general, phenazines are formed by the 
action of fl-diamincs on o-quinones 


s y Q IIiNv 

< ' > 

IlgN/ 


= R 


w 


R + 3 H „0 


1 hi majoi ity of the pheiwines ai e yellow, weakly basic compounds, 
whit h distil unchanged Ihen colour is due to the presence of the 

1 ST 

thiomophoie gtoup ^ \ Simple azmes, such as phenazine, tolu- 


c 10 h 0 n 2 c 6 h 


4 > 


pht'.ia/inc, CII, C 0 1 T 8 NX 0 1 I 4 , naphlho-phenazine * 
naphtha/ine, C'^II.NgC^IIu, phenanthra-phenazine, C M H,N,CaH 4I and 
anthia/inc, C n II«N ,C u lh, ate not in themselves dye stuffs But they 
Income so on the enhance of amino 01 hydioxyl groups into the 
molecule Befoie proceeding further, it should be mentioned that, m 
addition to the usual foimulm of types I and II for the ammo- and 
hytli oxy-phena/mes, the pata-quinonoid foimuite la and Ua have 
t ei lam advantages, although the basic properties of the ammo-com¬ 
pounds and the phenohe p.operties of the hydroxyl compounds support 

I and II _ . . 

, r\ r n/L j, j 8 nfl N■vphtho-pliemzine is obtuned by (he 

* u >'— - s * 

Ho , 1 'joy I * ia i <l a ®3 3 A 2 
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Ammo pheiwmc 

1 

c (l i r ,< 

/N^ 

>C fl II B Nil, 

Oi 

la 

Call ,< 

/ N . 

>C tf II 8 - Nil 
^NIK 

Ilydroxy phciwinc 

II 

C„II ,< 

/Nn\ 

> c .n, on 

or 

Ilrt 

C 0 II,< 

C> ca -° 


Caieful consideration of all the facts has led to the conclusion that 
these compounds aic piobably tautomenc, each reacting in the two 
fotins indicated A few of the moie important dyes belonging to this 
series are desci ibecl m the following pages. 


1 Eurhodines or Aminophenazlnos 1 

The eurhodines may be prepared by the following genetal methods 

1 By the condensation of quinones with tnammes containing two 
amino gioups in the ortho-position to one anothei, oi by the condensa¬ 
tion of amino-qmnones with oitho-diammes (Compatc phona/ine, 

P 74 1) 

2 By the action of nitioso-dimcthylamline, or of qumone dichloro- 
di-umnes (sec p 424), on ceitam monamines which aie subbtituted m 
the paia-position 

3, By the action of o-ammoazo-compounds on monammes It was 
in this way that Witt obtained the first eurhodine, by heating tf-amino- 
azo-/-toluene with a-naphthylamlne 

y N NC 7 II 7 

C7IIo\ + C 10 II 7 NH 2 -C 7 II 0 N a C 10 II a NII 2 

^NH E 

0 Am mo-az ot q luene c^NTphthyhininc 

The simplest eurhodines are weakly basic dye-stuffs, giving monacid 
salts which dye silk a red colour As, however, the salts aic dissociated 
in water, this red colour is changed into the yellow of the base on 
washing 

Tohiylene red is foimed by oxidising a mixtuie of dimethyl- 
P phenylene diamine and ?«-toluylene diamine at the boiling-point 
Toluylene blue t an indamine derivative, occurs as an intermediate 
product and is converted into toluylene red by elimination of 
hydrogen 

1 O Witt, the discoverer of the eurhodines, only applied this name to tho ni0irunnio-a/hic 8 , 
At the present time the term is used generally, to Include all ammo azmes 
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/NII a 


(CIIfl)aN—C 0 H 4 


Dimethyl p phmylcne diiminc 


II.n/ 


C 8 II 3 <CII 3 )(NII 2 ) 


4 20 ^ 

-"2HI0 


Toluylcne ch'imine 


/\ 


(CHg)„N 


N 





II„N — 

X oluylene blue 

N 


CH 


a 



=NH 


/\^\/\ 


(CII 8 )„N 


CII 


8 


vw 

N 

foluylona led 


■NH, 


+0 


-h b o 


Toluylenc led ciystallises m oiange-ied needles, dyes silk and 
tannin-motdanted cotton a scarlet icd, and is used commercially under 
the name of “ nculial icd " 


2 Elurliodols, or Hydroxyphenazines 

These aie obtained by the action of concentiatcd hychochlonc acid on 
etnhodmes at 18o°, and also by llie fusion of phenazme sulphotitc acids with 
potassium hydioxido In their dyeing' propeities they lesemblo the euihodmes, 
but diffei in having both basic and phenolic piopertics 


3 Safranines, Aposafx’anines and Indulines 


Tho safiamnes arc diaminc-tWincs containing at least three hydro- 
caibon nuclei They arc stiongly basic crystalline compounds, which 
are readily soluble in watci and dye yellowish led to violet colours 
They may be piepared by the following leaettons — 

1 By the oxidation of a mixture of a w-amino-diphenylamme 
and a ^-diamine In the case of diphenyl-v/-phenylene diamine and 
/-phenylenc diamine, the icaction may be icpiesentecl as follows — 


H.N. 


C„II 6 NH Ss 'C () II 1 NII a 

^NII 

an. 


o 


N- 


IIC 1 


c 8 ii 6 nii.c 8 ii 8 / V 


C N / WiJ9 

ILC„ Cl 


II.NIIj 


2 By the oxidation of a mixtute of a ^-diammo-diphenylamine, 01 
of an indamme, with a pnmaiy monamme 1 

The safiamncs foim three senes of salts, monacid (red), diacid (blue) 
and triacid (giccn) Only the monacid salts aie stable towards watei, 
the olhcis aie decomposed by it Animal fibies, as well as tannin- 

1 Niclzki, Jiet , 1883 , 10, 464 , 18 BO, 10, 3163 Haulm, Bt> , 1900, 88, iaia 
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moidanted cotton, are dyecl led by the safianmes Both of the ammo- 
gioups in these compounds may be dia/otised 

iin c a nf Xu, nii 2 + ii 2 n cyi, -> 

Phcnylenc blue 


PIN C 0 H 4 




N \ 

pC a H s Nil 
IIN/ 



Intermediate compound 



Phuumfi'umu, Lhkuiik 


The constitution of the saframnes has been solved by the wotk oi 
Niet/ki 1 and Kehimann Flienosafranine, the simplest mcinbei of the 
group, has been shown to be the phenyl-ammonium dcuvative of 
symmetneal diamino-phenarine Its hydrochlonde is lcpicsented as in 
formula I When the diazonmm compound of this base is heated with 
alcohol, one ammo-gioup is eliminated and aposafranlno (II ) is foimcd 
In a similar mannet the diazonium denvative fiom the lattei may be 
conveited into phenyl-phenazonium chlonde (III ) 


I N 

AAA 




ii 


h 2 n 


c ‘ a Cw / CfiH ‘ 


H s Cp 


/\ 


Cl 


I a C1HHN: 


N 


III 


N- 





H s C fl Cl 


C.H^ NCpIL Nil 


■#*■* 3 %. / 


C 0 H 5 


Foimula I a was pioposed for saframne on the giouiul that the 
amino-groups could be eliminated fiom its molecule sepaiately This 
formula, which contains a para - qumonoid stiuclurc, has been the 
subject of much controversy, and is now obsolete 

1 Nielzki, Ber , 1896, 89 , 1442 Kehumnn, tdid, 2316 
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The safranine of commeice consists chiefly of tolusafranine, 
^aiHjoNiHCl It is pieparcd by oxidising a mixtuie of one molecule 
of /-taluylcne diamine and two molecules of (vtolmdme by means of 
potassium btchi ornate 01 manganese dioxide ^-Toluylene diamine, 
C 0 II,(CII 8 )(NII,)2. obtained by the teduction of amino-a/otoluene, 
which in turn is picpaicd fiom 0~loluidme Safiamne dyes tanmn- 
moidanted cotton a scailcl icd and silk a fine rose tint, but these 
shades aic not fast to light 

Manveino, the first aniline dye stall to be prepared nidusti ialiy, is of great 
lustoiical mtcrebt It was obtained by Pei km in 1856, by the oxidation of 
ciutle aniline, and consists of a mixture of phcnylatcd safranine, 

C 0 II 0 NII-C a II 3 /^C 0 II 3 Nil, 

/\ 

II.C* Cl 


and its homologues 

Maydala iad, C^II^NtCI, was at one lime extensively used It is i safiamne 
of the naphthalene senes 


Afiosa/t am lies 

Aposafiamnc, which is foirncd by the elimination of one ammo- 
gioup from phenosafiamnc (see p 744), is a typical membet of a 
compaiatively laigc gioup of dyes In this gioup are now included 
many compounds foimeily classed as mdulines, such as the losindulmes 
and lso-iOMiidulincs, both of which contain a naphthalene nucleus In 
the rosmduhim the annno-gioup is present in the naphthalene nucleus, 
and on the tio-tosutduhnes in the ben/cne nucleus (O Fischei and 
Ilepp) 

Eosinduline is pieparcd by heating bcn/cne-a/o-a-imphlhylamine 
with aniline and alcohol undei piessuie, and also by other methods Its 

hydiochloi ide, II.N-CioII^^CoIIi, is a red dye The disulphomc 

A 

h 5 c 0 Cl 

acid dyes a yellowish icd shade Eighteen stiucUual lsomerides of 
rosindulme arc known, in which the amino-gioup occupies diffcicnt 
positions in the naphthalene, ben/ene, m N-phenyl nucleus 1 

PhenyTvosinduline, a denvative in which the am mo-gioup of losui- 
duhne is phcnylatcd, is obtained by heating ben/cnc-azo-a-naphthyl" 

3 Kelmnuin and t olliiboratois, Iht , 1897* 2 ^3 3 » 1898, 81 , 3^97 » 32 , 927* 262/ , 

1900, 88, 1543, 3276, 1901, 81 , 1225, 309■> , Antt > 1896, 200, 275 Ihlv Chun Acta * 1925, 

B, f >55 
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AZO CARMINE, INDULINE 


amine with aniline and aniline hydrochloi ide Its disulphomc acid is 
used commercially as a led dye-stuff foi wool, undci the name of 

azooaimine 

When safianmes and aposafianines aie heated with alkali or 
concentrated hydrochloi ic acid, the amino-groups aie icplaced by 
hydroxyl groups The reaction is accompanied by a simultaneous 
isomerisation into the p quinonoid or internal salt structure, and leads 
to the formation of safianols, safianones and losindones 

Rosindone is obtained m this way by heating losinduhne with 
concentrated hydrochloi ic acid 

y\ 

N 


C fl H s 

Rosindone 

Rosmduhne G is a sulphonic acid of rosindone, and is used as a 
red acid dye 



Indahnes 

The mdulines, the fat st example of which was piepaicd in 1863 by 
Dale and Caro, give shades resembling those of indigo blue They 
occur as by-pioducts in the “magenta melt,” and aie prepared by 
heating ammoazo-benzene with primary aromatic amines and their 
salts (induhne melt) 

tnduline, C 30 H 23 N B> is piepared by heating ammoazo-benzene with 
aniline hydrochloride (Dale and Caro, 1863) The intermediate 


NC s H 6 


/\ 




nc 0 h 5 

Qiunone diaml 


nc„h 6 



c„h 6 hn 


NHC*H 





II 


NC 0 H b 

2 5 Dtamlmo-qumone diaml (Azophcnme ) 


compounds m this reaction have been shown to be quinone diaml 
and 2 5-dianihno-quinone diaml, or asophemne 



INDULINE 
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O Fischct and Hepp have pioved that induhne has the annexed 
foimula 

Some of the most impoilant indnlincs have been synthesised by 
Kchi mann 1 


C„H a IIN 



CJI.N 


AA 



trululinc 


NH 


Induhne gives ieddish violet salts which aie soluble in water, and 
aie used diiectly on tanmn-moi dan Led 
cotton 

On heating the dye with aniline and 
aniline hydtocblondc, moie phenyl and 
amino-phenyl gioups cntei the molecule, 
with the foimation of complex mdulines 
These aie insoluble in watci and aie used 
either m alcoholic solution (spmt mdu- 
hnes), 01 in the foim of then water-soluble 
sulphonic acids, foi dyeing wool Cotton 
may be dyed with the aid of acetm, a mtx- 
iuic of glyceryl csteis of acetic acid, which 

acts as a solvent Foi this purpose, mdulmc is made into a paste with 
tannin and acctin, and punted on to the malcual The acetm dissolves 
the dye and ensuies the formation of the tannin lake On subsequent 
tieatmcnt with steam, the acetm is hydiolystd to glycetol and acetic 
acid and the lake is deposited on the fibics 


Aniline blaolc is a vciy valuable dye which is foimcd when aniline is oxidised 
by various icagcnts (such as sodium and potassium cliloiatcs m ptcsonce of coppei 
and vanadium compounds) It is always produced tliieclly on the fibio and is 
widely employed in calico pinitingf and cotton dyeing, but is not much used foi wool 
It is an amorphous, violet black powdei, which is insoluble in watci and alcohol, 
is strongly basic and foims giccn, unstable salts with acids The constitution of 
aniltno black is still unknown Its composition is piobably rcpicscnted by CjoEIjfNj 


III—OXAZIN0 (AZOXINB) AND THIAZINN (THIONINEJ) DYES 2 


These compounds contain a nucleus built up of foui caibon atoms, 
a nitrogen atom, and, accoiding as they ate deuved fiom phcnoxa< 5 ine 
oi phenthnt/me, an atom of oxygen ot sulphui 

Nil Nil 





Phonoxa/ine Phenlhn/mc, 

ihiu iliphcnylaininc 


The ammo and hydtoxy dcuvatives of these patent substances aie 
leuco-compounds, which on oxidation give the coucspondtng dyes 

1 F Kehrmann, Bet , iga$, BO, 3391 “ Kchimiuin, Ann , 1902, 822 , 1 , Bet , 1906, 80 , 

914 A Ilmilzach, Bet ,1905,88,2143, 1906,89, IS 3 ) 1 J <>5 
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METHYLENE BLUE, CAPRI BLUE 


Phenoxasme ciystalhses in plates, mp 148°, and is piepaicd by fusing 
0-amino-phenol with catechol 

Two suggestions have been put foivvaid as to the constitution of 
dyes of this class containing an ammonium giouping The oldei view 
of Bemthsen, O Fischei and others, which is adopted heie, is that they 
are quinonoid ammonium salts 1 Kehimann, however, regaids them 
as oxonium and thionium salts The two types of fotmulm may be 
illustrated m the case of methylene blue 


I 


/y Nv 

Ammonium formula Cl(CPI 3 ) 0 N=C j ,IT B '^ '^>C fl II 3 N(CII 3 ) 




Nv 


II Thiomum formula (CI1 3 ) 2 N—p>C fl II 8 N(CII 3 ) 3 



With legard to the nomenclatuie of these compounds, all dye-stuffs 
containing the complex III, such as gallocyanin, aie grouped togethei 
under the name of oxazones Other dyes, such as Capri blue, contain 
a quinone lmine stiucture (IV), and aie known as oxaumes The 
coi responding sulphui denvatives are termed thta&anes and thiamines 



IV 


N 



s\/\/ 

IIN O 


The chromophoie present in such compounds is not the oxa^ine 01 
thiazine ling, as is sometimes assumed, but the paraquinortoid grouping 
These dye-stuffs are prepared by the condensation of nilioso- 
dimethylaniline, mtroso-phenols, or quinone dichloro-imines with 
tertiary ammo-phenols 01 polyhydric phenols 2 

In this way, the dye Oapri blue is obtained by the intei action of 
mtroso-dimethylanihne and dimethyl-w-amino-cresol 


NO 


(CH S ),N C a H / 

Nitroso'dimethylamlmc 


+ 


PI 


HO 



C a H 2 



N(CPL) 2 


CH 


Dsmethy! m Tmtno crc&ol 


ci(ch 8 ) 2 n=c 6 h/ N \c 8 h 



N(CII 8 ) 2 


CH 


Capri blue 


3 


1 A Bemthsen, Ch Zttl , 1908, 82 , 956 
I 92 I t 119 , 2076 


° See also A Fth bourne and H Toms, J C & 
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MKLDOLA’S blue, 


NILE BLUE, GALLO CYANIN 


Melclola’a Blue ( nafhlhol blue, new blue X, fast blue\ which dyes 
l.iumn-inotdinted cotton a violet blue shade, is piepared by [he 

• l( ' OU “[ “^oso-fhmcthylaniline on /3-naphthoI Its constitution is 
i< pu M'utul by foinuild V 




c,„h 5 NH 


2 


Nilo blue, foiimila VI, is piepated by the action of mtroso 

dK'lhyl w-animoplu nol on «-naphthylamine It dyes silk and tannm- 
inoidanlcd cotton a gioemsh blue shade 

Gallooyauln is fmmccl by the action of mtioso dimethylamline on 
gallic acid It is a caiboxylic acid of the 
ann< x( d foi inula 

Gallocyanm is <i moidanl clye, which 
giv< s ,i fine blue -vide L lake with clnomium 
o\ul( Ills laigely used in calico punting 

On healing gallocyanm with aniline, 
tin. tailioxyl gioup is icplaccd by the 
gmup N11 C„I r r , When the lattei is 
snlplmnatid by heating the compound with concentiated sulphuric 
and, a sulphoiuc aud is obtained which is used commercially under 
tin name of DetfJunc blue 


HOOC 


N 


/\^\/\ 



HO 


N(CHd 


Plionthlazlno, thio-di/’he/tyla-iuine (see p 747), is also the patent 
t(impound of a nunibca of dye-stuffs It melts at 150°, boils at 370", 
and is piepated in an analogous mannei to phenoxazine by heating 
ft aimno-thiophonol with catechol, or more conveniently by heating 
diplu nylamme with sulphui 01 sulphui chloride The introduction of 
ammo gioups into phmlhia/me leads to the formation of leuco- 
1 cm pounds, which on oxidation yield dyes These weie first prepared 
by l aulh by the oxidation of ^-diamines in the presence of hydrogen 
sulphide Methylene blue is the most important member of this 

gimip 

Imulh'H vlolot, lluontne, ammo j>fienthmiune> is prepared by oxidising i> phenylene 
4, „ nim , hydtoclilotule ni a soUition containing hydiogen sulphide 

aNII, UTLNIIj ->• HN=C 0 H a <^ p»C 0 H 3 NH a 

L lu iqiiPOtis solution of Us hydiochlonde is violet in colour 

Mothylono bluo, (M(( H a )2^ ~ C 0 II 3 <^^^/C 6 H 3 N(CH 3 ) 21 was dis- 

1 ovei cd in 187G by Caio, who obtained it by oxidising dimethyl-/- 
plunylenc diamine in presence of hydiogen sulphide It may be 
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METHYLENE BLUE, TRIAZINES 


prepared on a laige scale by the reduction of /-mtroso-dimcthylamline 
with hydrogen sulphide in stiongly acid solution, followed by oxidation 
of the resulting amino compound with ferric chlonde in the picsencc of 
hydiogen sulphide During this teaction, one atom of sulphui enters 
into combination with two molecules of the amino compound, and one 
atom of nitrogen is eliminated as ammonia In modem piactice 
the sulphur is introduced by means of sodium thiosulphate The 
oxidation of dimethyl-/-phenylene diamine, in the picsence of sodium 
thiosulphate, results in the formation of the thiosulphomc acid of the 
base, C 0 H 3 [N(CH 8 ) 2 ](NH a )(S SO a H) The lattei, on being mixed 
with dimethylanihne and subjected to furthei oxidation, yields the 
corresponding indamine thiosulphomc acid, which when boiled with 
dilute acid parts with sulphuric acid to give methylene blue 1 

The dye is piecipitated from aqueous solution by the addition of 
zinc chlonde and common salt, and is placed on the mailed in the 
form of its zinc chloride double salt The lattei is vety soluble m 
water It does not dye wool readily but is used foi silk and lannin- 
mordanted cotton, the colour being veiy fast to light It is the most 
important of all the blue basic dyes, and is widely used in calico- 
printing and cotton-dyeing 

Methylene azure is produced by the oxidation of methylene 
blue in dilute acid solution ( eg , potassium dichi ornate and 
sulphuric acid), when the N-methyl groups are paitially teplaced by 
hydrogen 2 

When treated with nitious or nitric acid, methylene blue yields a 
dark green colouring matter which is probably a monomtio deuvative 

of methylene blue This is known as methylene green and dyes a 
dark green colour 


IV —TRIAZINES 


Three different six-membered rings composed of three nitrogen and 

three carbon atoms are theoretically possible Denvatives of all three 
types are known 




Vicinal tnazme3, 
P triazmes 



Asym tnazmea, 
a trmzmes 


N 

c/\c 



Sym trnzmcs, 
cytmidines 


1 Bernthsen, Ann, 1885, 280 , 73, 1889, 251 , I 8 Kehrmann, Bn , 1906, 89 , 1405 
Bernthsen, 1 bid, 1804 ’ n 
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Doiivatives of vioinn.1 01 ft tilnzlne 'lie piepaied by the action of nitrous acid 
on o amino bcnzylannne bases,’ 01 on a ammo benzoyl phcnylhyd rapine, a a reaction 
wlncli piobably lcsults in the mtcimediate founation of diazo compounds, eg , 


/Nil ,1101 

O 0 II < 

NCIIg niic„u 6 

o Amino bmi/ylnniltuo 
JiydroGhloi lilo 

NIUIG 1 

Cflll, 


NOj 


-> 


/NjCL 

C„n/ 

\ciig Nnc„n s 

Dlftzo compound (hypothotluil 
lutormodinio produot) 


-not 


/N 


\C1 I a - 

Phou N phenyl dihydro 
ft trinzlno 


N 

N C„II 5 



NjO q 


CO Nil NIIC„II b 

o Amino bonzoyl 


onzoyl phonylhydTfl/ljiQ 
hydioonlorldo 


Coll, 



N- 


CO 


/NgCl 
Call / 

\C0 Nil NllCallj 

lutoi mod in to compound 

■N 

N N1IC„II. 


HOI 


Plum N plionylamlno ft trluzono 


Bemazimide^ a membei of this senes, is foimed by the action of nitious acid 
on the amide of anthiamlic icid, and also by the oxidation of 3 amino mdazole, 
as the lesull of nng extension a 




Coll 


✓N=N 
\C0—Nil 


Danznzlmldo 


Dei lvatives of asymmetrical 01 a trhudne at c obt lined by the condensation 
of immo guamdme with aiomatic a diketones, such as bcnz.il and plienanthia 
qmnone 1 

Nil—NII a OG G 0 It a „ 2IIa o N—N—C G 0 II a IIN^N=C C 6 II 0 

IIN=(L—NIIj 1 0 <L C„II B * ^ II N II— N=c! C„IIj ° r IIN C—N=C C 0 H 5 

Amino fjimntdtno Botull 8 Amino 5 0 diphenyl 

a tiEa/tne 


It has not yet been decided whcthci the amino or tlio imino-foimul.i best repiesents 
the constitution of these compounds 1 'iob ibly the systems aic tautomeric They 
have very little basic cliaraclci and aic not affected by nitious acid Potassium 
hydioxide convcits diphenyl ammotim/ino 111L0 diphenyl liydioxytiiazme 


lhc poly met tc cytimc compounds, such as cyanuric acid, cyamelidc 
and mclanine, aic mleicstlng dctivalivct, of symmetrical trlazine or 
oyanicline These have aheady been discussed on p 325 ie Q 


y mi 

NniLj 

Betvimidme 

aNII 

2C " n “ <N1I 


N_C C 0 H 5 

(cii 0 co) 8 o - > c fl n s c/ 

n c CII„ 

Acetic anhydride Diphenyl-methyl cyanidino 

N _C CflII B 

4 C0C1 2 --> C 0 II 0 Of 

N C Oil 

Carbonyl Diphenyl hydroxy 

cliloi ido cyiimdmo 


1 M Busch, Bet ,189a, 26 , 445 6 KOmg md Roissert, Bet , 1899, 62 , 782 3 Bamberger, 

A tin , 1899, a 06 , a89 1 I hide and Bihnn, A mi , 1898, 802 , 399 
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TETRAZINES 


A gencial method of pieparing the oyanidines is by the action of 
acid anhydrides, or of carbonyl chlonde, on aiomatic amidines 1 

Many cyamdines may be obtained by the action of aluminium 
chlonde on a mixtute of benzonitrile and benzoyl chloride 01 a fatty acid 
chloride 2 In the reaction between benzomtule and benzoyl chlonde 
it is advantageous to add ammonium chloride to the mixtuie, when 
cyaphemne or triphenyl cyamdine is produced in moderately good 
yield This is one of the earliest known cyamdines The reaction is 
piobably due to the initial fotmation of a condensation product of 
benzonttrile and benzoyl chloride, which then interacts with ammonia 
m the following mannei 


C C 0 II 5 


N 




c c 8 h 6 


C a IL C 


Cl 


N(^\n 


+ Nil, = 


V C \° 

N > 


t- HC1 H 


II 2 0 


c 0 ii 6 


C fl H e Cy 

N 


C C„H 




Cy iphenmc 


Cyaphemne crystallises m colourless needles which melt at 233°, and 
readily sublime Its constitution follows from its foimation by the 
action of sodium on a mixture of cyanunc chlonde and bromo-benzene 
It has no basic properties, and is decomposed by nascent hydrogen into 
ammonia and lophme (2 4 ij-triphenyl-glyoxahne) 



TETRAZINES 


Two lsomeuc series of tetrazmes are known, denved fiom the 
following ring systems 



The ring system (I) is present in the osotetrazin.es, obtained by 
oxidising the osazones (see p 249) formed by the union of 1 2-dilce- 
tones with hydiazines 5 


Cir s C=N—Nil C,H e CH 3 C—N—N C„H S 

CH, C=N—Nil C b H 6 CH S C=N—N C,H, 

PhenylosTzone of diacatyj Dimethyl diphenyl osotetrisme 


The osotetrazines are colourless neutial compounds which crystallise 
well On reduction they are again conveited into osazones When 

' Pmner» Ber 1 1892, 26 , 1624 3 For the mcchinism of the reaction,. see Eitner 1,11(1 Krnfft, 

Be) , 1893, £6, 2263 8 R Stolid, Bet , 1926, 69 , 1743 
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osotctiazines aic wanned with mineral acids, the nng contiacts with 
the foimation of osolna/oles (see p 626) An open-chain sliucture 
is also undei consideration foi these compounds 1 

Symmetrical tetrazinea containing the ring system (II ) aie readily 
piepared by the oxidation of dihydio-tetiazines, which result fiom 
the action of hydianne on immo-etheis, 2 or on dichlondes of diacidyl 
hydiazides 3 Dihydio-tetrazmes can also be obtained fiom diazoacelic 
eslei J 



N—N 
Cl Cl 




Dm.idyl hydrvide 
dichlondes 


H N—NH 2 
-> 



N- 

NH- 



Dihydro tetMzmes 



—N 
=N 


/ 



Sym ictr i/mes 



The symmctiical tctia/mes have a deep led coloui They aie 
stable towaids acids but aie decomposed by alkalis 


I-IN CH 2 N CIL NH 


is leadily piepaied 


Bis~hexahydro-teti a, me \ 

HN CH a N CII a Nil 

fiom an aqueous solution of foimaldehyde and hydiazine hydrate It 

is used in analytical chemistiy as a reducing agent 6 

.NR 

Compounds having a ling stiucture of the type IIC^T >CII 


N NR 




aie dcscnbed as N t s-dihydio-tettamines 01 uodthydro-Utrasmes The 
patent compound, N^-dlhydi’o-tetrazine 01 lsodihydio-tetiazmc, is 
prepaied synthetically by heating foimyl-hydiazme at 150° to 200°, 


.Nir Nir 3 
OCII Clio 

ii 2 n nii^ 

a mols of I' ormyl hydra/mo 



Nil N 
N Nil 


\cil + 2ll a 0 


N,J-Dihydro tctiazmc 


and also fiom the polymensation ptodnets of dmzo-acetic estei (p 217) 
These mteiesting polymensation pioducts, which aie themselves 
tetia/ine denvativos, have been extensively investigated by Hantzsch 
and Silbeirad 0 

N, J-Dihydio-tetiazine and its denvatives behave as weak monacid 
bases, the C-dimethyl and diethyl compounds being more baste than 
the unsubstituled product 7 The ring is leadily ruptuied with the 
pioduction of hydra/mes 

1 D Vorlmider, J 3 tr, 1927, 60 , 819 9 Pinnci, Aim, 1897, 20V, 238 1 R Stolid, 

/ pr Ch , 1906, [3], VS, 377 1 CuriiuE t Dinpsky md E JMUllci, B&i , igoS, H, 3161 , 

19091 43 , 3284 0 K A Hofimnn md D Stoim, Bet , 1912, 45 , 1725 u Bet * 1900, 88, 
58 7 Il'mt/sch ind Silbennd, he ctl Dedichcu, Ber , 1903, 80 , 1831 

3* 
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PROTEINS 


IX 

Proteins 1 

Fi om the investigations of Emil Fischu, proteins may be defined 
as naturally eccurung substances of high molecular weight, which 
ate largely composed of ammo-acid lesidues united logethu by an 
amide type of Unking Other types of units and other modes of union 
may also be present (see p 774) 

These substances are of great biological interest, since they include 
some of the most impoitant constituents of the living cell So 
intimately ate they bound up with the processes of life, that each 
type of organism, and each kind of cell within the 01 ganistn, possesses 
its own characteristic pioteins In fact, m the higher otgamsms, 
foietgn proteins often act as strong poisons when mtioduced dncctly 
into the blood-stteam, instead of by way of the intestinal canal 
On these phenomena aie based the seiological methods of modem 
medicine Such leactions of the oiganism provide a much moie 
sensitive means of identifying individual proteins than any chemical 
method In addition, it may be noted that the physico chemical 
state in which the piotem is present has a great influence on the 
activity of the cell 

A certain amount of the protein in living organisms is continually 
being used up in vital processes ( eg, gland secielions), and it is 
necessary foi the loss to be replaced For this puipose plants utilise 
inorganic nitrates as their mam source of mliogen The animal 
body is incapable of building up all the icquisite constituents of 
protein molecules from nitrates and non-nitiogcnous 01 game 
substances, such as caibohydrates and fats, and consequently makes 
use of ingested protein to teplace the loss Piotem is theiefoie an 
essential constituent of animal diet At one lime it was considcied 
that proteins were, m themselves, sufficient to maintain life, and 
that the most satisfactory and economical diet was one containing 
the highest possible proportion of protein This has been disproved, 
howevei, by recent investigations on nutrition Moreover, different 
proteins are not utilised by the oigamsm to the same extent 3 The 
older method of regarding the ptoblem of nutrition, as being primarily 

1 For further information refeieuce may be made to the following sources — 7 he Chemical 
Constitution? of the P> oleins, Parts I and II, by R II A Plimmei (Longmans), 
The Vegetable Proteins, by T B Osborne (Longmans, 1924) , The Genet al Chut acler of the 
Proteins, by S B Schryvei (Longmans) , Collotd Chemistry of the PtoUuts, by Pauli, 
translated by Thorne (Churchill, 1923), Chemte det EwietssBtper, by O Cohnhelm 
(Vieweg, Braunschweig), "Untersuchungen liber Aminosauien, Polypeptide »ind Protcme," 
by E Fischer, Ber, 1906, 89, 530 Sorensen, / C S, 1926, 3995 * See, for example, 

Berczeller, Btochem Zeiisch 1922,129, 217 
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dependent on the enetgy content of the food, had theiefoie to be 
modified, and more attention paid to the chemical nature of the diet 

At the outset it should be emphasised that the chemical investiga¬ 
tion of the proteins is attended with very great difficulty This is 
due, on the one hand, to the complexity of the protein molecule, 
and on the othei,to the fact that the usual methods of isolation fail 
to give puie homogeneous compounds The chief ctitenon of the 
punty and uniformity of a solid substance is its powei of crystallisa¬ 
tion As will be seen later, this test can only be applied to the 
pioteins m a very limited sense The usual method of purifying 
a liquid compound is by distillation, but no piotein can be distilled 
without decomposition Hence the study of then physico-chemical 
piopeities is of the highest tmpoilance in the chemical and physio¬ 
logical investigation of these compounds 

P totems ate colloids and do not diffuse ihtough animal membtanes 
This piopeity is used m then purification They occm in complex 
mixtuies from which they aie usually isolated by salting out Owing 
to then colloidal nature, the pioteins so piepared ictam adsorbed 
crystalloids, especially electrolytes, which aie exceedingly difficult 
to lemovc Aftei months of dialysis undei aseptic conditions, Pauli 
succeeded in preparing a protein solution piaclically free fiom 
electiolytcs Sorensen, 1 aftei ptolongcd dialysis through collodion 
membianes, was able to obtain piotein solutions with lcproducible 
properties, but having a definite, although extremely low, content of 
ammonium sulphate 

In the piopeities already dcscnbed, pioteins lesemble the hydiophobe 
ot snspensoid colloids of inoiganic chemistry colloidal meLals) In 
othei respects, howcvei, they exhibit diffcicnccs which led to them 
being classed with ccilam othei colloids as hydtoplule or emtUsoid 
colloids Latgely thiough the woik of Pauli, Michaelis and Sorensen— 
and in opposition to the views of Oslwald—this idea has undei gone 
furthci extension Ihe piopeities of natuial 9 proteins aie not 
legalded as being explicable solely fiom the standpoint of colloid 
chemistiy, and the compounds aie theiefoie supposed to occupy an 
lnlci mediate position between the suspensoids and ciystalloids 

The inability of the pioteins to diffuse thiough animal membranes 
shows that they have a high molecular weight Nevertheless, protein 
solutions possess a measurable, though vety small, osmotic piessuie 
Sorensen, who has earned out the most leccnt and accuiale investiga¬ 
tions on pimfied egg albumin, found that the osmotic pi ess in e 1 * of 
the piotein was constant foi solutions of a definite composition This 

l s P L bUrensen nnd IlUyrup, / physiol Ch , 1918,108, 15 8 is, not denatmed 

(see p 756) 3 It is doubtful whether true values of molecular weight ire Indicated in 

such osmotic pressure mensuremeuts 
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shows that it is possible to repioduce protein solutions containing 
particles of a definite size 

The addition of alkali salts to a protein solution causes a giadual 
deciease in the osmotic piessuie, and at a definite concentuition of 
the salt the protein is piecipitated Dui mg such a piccipitalion 
the protein retains its original propeities, and, aftci having been 
filtered off, may be brought into solution again m its oiiginal 
condition This method of reversible pi ecipitation by ucuti a! sails, 
which was introduced by Hofmeister, is used for the isolation of 
certain kinds of proteins It diffeis fiom the pi ecipitation of 
suspensoid colloids by electiolytes, in that the piotcins aic only 
precipitated by a much highei concentration of the salt As was 
first shown by Hofmeister, neutral salt precipitation depends on 
the specific action of the ions of the salt Accoiding to Pauli, 
cations generally tend to assist and anions to letatd piccipilation 
The relative influence of the ions may be expressed by auanging them 
in the following " lyotropic ” series 1 The 01 dei in which cations assist 
precipitation is Li<^Na<K-<[NII ll whilst that in which anions ictaid 

precipitation is CNS<I<Br<N 0 3 <Cl<CH 8 COO<nPO i <^ 0 1 

In acid media the above ordei is reveiscd It must be lcmembeted, 
however, that the factors governing pi ecipitation aic veiy complex, 
and, like most of the laws of protein chemistry so fat discovcied, the 
above can only be regarded as a broad generalisation 

It has recently been pioved by Pfeiffer that neutial salts affect 

the solubility of amino acids in the same way as that of the piotcms, 

and that the alteration in solubility is due to complex salt foimation® 

Hence, during the precipitation of proteins by electiolytes, it is veiy 

piobable that combination takes place between the neutial salt and 
the protein 

On the other hand, a precipitation process of a diffeient nature is 
undergone by protein solutions under the influence of heat, 01 on 
addition of certain substances such as alcohol, acetone, solutions of salts 
of the heavy metals and alkaline earths, etc For example, when a 
solution of a piotein is heated, the protein becomes coagulated at a 
definite temperature, which varies with the natuie of the piotem and 
the other products present The insoluble coagulated pi otem is said to 
be denatmed, and cannot be reconverted into the oiiginal compound 
This property is used in removing pioteins fiom a solution, and foi 
their quantitative estimation Physiological solutions can be fieed 
from protein by means of mercuric chloride and hydrochloric acid 
(Schenck), and the quantitative estimation of piotein Is based on its 
precipitation by alcohol, acetone, tannic acid, or the action of heat 

This lyotropic senes has also an important bearing on many biological processes, see 

Abderhalden's Uhbuch , vol 11, p 173 [4th edition] a P Pfeiffer, 0 >gamsc/ie MehKilht) - 
brndutigeH) p 106 (Stuttgart, 1922) 
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In the pi capitation of piotems by heat, it is necessaiy to distinguish 

ictw cn duiatnt atiou and the pi capitation or flocculation 1 of the 

c t na it) cd particles Protein particles which have been denatured by 

heat possess the piopeities of suspenso.ds While denaturation is a 

pioccss of unknown chaiactei, flocculation is a physico chemical piocess 
anti will be more fully discussed 

C oagulation of piotein by heat is impeded by strong acids and 

alkalis, owing to denatuiation by the formation of acid oi alkali 

(lionminutes Ihesc albuminates aic no longer precipitated on heating 

1 hey aic insoluble in watei oi sodium chlonde solution, but readily 

dissolve m dilute acid oi alkali Fiom acid solution they are 

pi c cipilatcd by the addition of sodium chloride In most other 

respects the acid and alkali albuminates form two quite distinct groups 
of substances 


1 he heat coagulation of piotems is also modified by the presence 
of Stilts Jn genetal, small quantities of salts retard coagulation, and 
hence the coagulation temperature (i e , the lowest temperature at which 
toagulalion lakes place) is laised , larger quantities, on the other hand, 
assist the sepaiation of protein Consequently, in oidet to obtain as 
complete a coagulation as possible under the influence of heat, the 
protein solution is usually treated with neutral salts Here again, 
howevet, the influences at work aie of great complexity 

'Ihc propci lies of a piotein solution depend to a large extent on 
the conccntiaUon of hydiogen ion present, and recent research on these 
compounds has been laigely concerned with this question Owing to 
then basic and acidic groups, the piotems, like the amino acids, are 
amphotoi ic elcctiolyles, and exist in aqueous solution in the form of 
uiulissocidtcd molecules, anions and cations It is assumed that 
hyct togen ions may be pioduced not only fiom the carboxyl groups in 
the piotun molecule but also from other sources, ^^,by the enohsation 
of pepUdc gioups 


CII 2 CO Nil— --> —CH 2 C(OII) N— 


I he dissociation constants of these acidic and basic groups are very 
small, most piotein solutions being veiy slightly acid in character As 
might he expected, the addition of small amounts of strong acids or 
alkalis leads to sall-foi mail on and consideiably increases the ionisation 
Salts of piotems with weak acids and bases, on the other hand, are 
hydiolytically dissociated According to Pauli, pioteins are polybasic 
acids and poly acidic bases, but the valency of the ions is very difficult 
to deteimine A solution of piotein and alkali, for example, contains 
a mixtuio of piotein ions of different valency, which vaues with the 
amount of alkali added Up to a limiting value, the valency increases 

* II I llcinml M I winner, 7 mtg Ch , 1032 , *69 W C M Lewis, ZeU Phys Chtm , 
Ujtj, 180, 3 if) 


3 152 
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with the concentration of alkali On the basis of Oslwald’s valency 
rule, Pauli 1 has estimated fiom conductivity cxpeninents that casein 
forms a tei valent and globulin a tetiavalcnt anion 

For ampholytes, 2 it may be shown practically, as well as theoietically, 
that there is a definite conccntiation of hydiogen ion at which the 
number of anions becomes equal to the number of cations 1 his is 
known as the isoelectric point Under the influence of an elcctuc field 
the numencal equivalence of anions and cations is indicated by 
symmetncal movement to anode and cathode Since, howcvei, the 
number of ions is at a minimum at the isoelectric point (see below) 
the electrical migiation is also at a minimum Each pioLan has its 
own characteiistic isoelectiic point, con espondmg, in the cases t>o far 
examined, to very faintly acidic solutions 

At the isoelectric point the sum of the ions icaches a minimum 
as compared to the number of undissociated molecules Hence, if 
eithei strong alkali 01 acid is added in veiy small conccnti ations to a 
piotein solution at the isoelectiic point, the dissociation is mcicased 
owing to salt formation 

The faintly acid solution at the isoelectiic point lepresents the 
optimum condition foi the heat coagulation of a laigc mimbci of 
proteins (Michaehs) At this point setum globulin is piecipilaled, even 
without heating 

It has been suggested by Hardy and Bredig that agglomeiation is 
hindered by the electric charge on the colloid pai tides, but is ptomolcd 
by surface tension At the isoelectric point the chaigc is at a 
minimum, and the suiface tension theiefoie gains the uppci hand 

Viewed from another standpoint, the excess of undissociatcd protein 
molecules present at the isoelectiic point also has an influence on 
precipitation According to Pauli, the ions of a protein diffei fiom the 
undissociated molecules m their behaviour, they aie heavily hycUaled, 
t e , they are combined with molecules of water, which they lose when 
they pass back into undissociated molecules It is veiy piobable that 
this process is directly concerned in solubility changes The stiong 
hydration of protein ions, as compared with neutial molecules, is 
confirmed by the fact that the increased dissociation resulting fiom the 
addition of acids or alkalis to a protein solution is accompanied by a 
marked increase in viscosity Consequently, at the isoelectric point 

the number of hydrated ions and the inner friction of the solution are 
both at a minimum 

In a similar way, other physical properties of protein solutions are 
dependent on the state of ionisation For example, ionised pi olein is 
more strongly laevorotatory than neutral protein 

1 Pauli, Biocltem Zeitsch , 1922, 127 , 150, see, however, L van Slykc nnd A Dos worth, 

Joum Btol Chem , 1913, 14 , an, 237 a An ampholyte is an amphoteric electiolyte, that 
is, one which dissociates both as an acid and as a base 
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All these facts indicate that the electrical condition of the protein 
particles, unlike that of other colloids, can be largely explained on the 
basis of the dissociation theoiy No distinct boundary line can there¬ 
fore be drawn between solutions of ciystalloid electiolytes and protein 
solutions, and the icactions of proteins are thus to a latge extent true 
chemical icactions 

The presence of proteins in a solution modifies the piopeities of 
othei dissolved substances, owing to adsorption, hydration, etc In 
some cases proteins prevent the deposition of difficultly soluble salts 
from solution This fact is of gieat biological importance and accounts 
for the existence of dissolved calcium salts in the body fluids On the 
othei hand, the piesence of pioteins lowers the solubility of many 
easily soluble salts Pioteins aie also efficient protective colloids, 
m minute amounts they piotect suspcnsoids from piecipilation by 
electiolytes The number of milligiammes of a protein, which is just 
insufficient to protect io cc of a standard colloidal gold solution flom 
precipitation by I cc of a io pci cent solution of sodium chlonde, is 
known as the gold number of the pi olein concerned (Zsigmondy 1 ) 
This numbei is chaiactciistic for each individual piotein 

Crystallisation of Ptotems —The inability of pioteins to diffuse 
thiough membianes is in strong conti ast to the ease of diffusion of 
ciyslalloids, and led at fiisl to the conclusion that proteins could not 
be obtained m a crystalline condition This was latei pioved to be 
incorrect On the one hand, pi olein ciyslals have been found as such 
in naluie, as in the aleuione grains which aie widely distnbuied in the 
seeds of plants, and, on the other hand, a number of pioteins which do 
not natuially occui m the crystalline state have been conveited into 
this foim For example, ctysUlhnc egg albumin was obtained by 
TIofmcistei, 2 and horse scium albumin, haemoglobin, and globulins 
fiom plant seeds have also been 

Fiom the woik of Sorensen, 8 it appeals that the ciystalhsation of 
pioteins in no way differs fiom that of ciyslalloids But, despite this 
similaiity, it is not possible by lcciystaihsalion to punfy them to the 
same extent as othei oiganic compounds, owing to then sponge-like 
capacity foi absoibtng impuitlies from solution 1 

Although vanoits pioteins have been found in the crystalline state 
m animals and plants, 01 have been conveited into the ciystalline foim 
by aitificml means, none of these compounds can be legarded as 
chemically pure In all probability no piotein has yet been obtained 
m a homogeneous condition 

Foi this leason, some degice of unecitainty is attached to all 

1 P N Srhulr 'itul Zsigmondy, Ilofmeislci Peitiage, 1902, 8, 137 a 1 ' Ilofmeistor, 
Z physiol Ch-, 1889,14, 165, 1891, 10 , 187 1 Sorensen and M IMyrup, Z physiol Ch t 

I0l8, 103 , ig ‘ Compare Wichmnnn, / phystol Chi 1897, 27 , 581, see also Kossel, Be) , 
rgoi, 84 , 3229, 3231 
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investigations so far carried out in protein chemistry, and moic 
especially to moleculai weight determinations 1 

Molecular Weight Determinations —Among the usual physico¬ 
chemical methods employed for the estimation of moleculai weights t 
the ebullioscopic method cannot be used owing to the changes under¬ 
gone by proteins under the influence of heat The values hitherto 
obtained by the ciyoscopic method aie remaikably small, 2 eg foi silk 
fibroin about 350, a phenomenon for which no satisfacloiy explanation 
has yet been advanced 

Sorensen, 3 as a result of caieful direct osmotic pressnte measuiements } 
estimates the moleculai weight of ciystalhne egg albumin at 34,000, 
and Pauli, 4 fiom determinations of the valency of the 10ns of casein 
and globulin, has calculated that these two pi oleins have moleculai 
weights of about 3000 and 12,000 respectively 

Minimum values for the moleculai weights of various proteins have 
been calculated from their sulphur content , as determined by elemental y 
analysis By simple computation it is easily shown that for a sulphur 
content of 1 per cent the molecular weight of the protein must be at 
least 3200 The following figures may be taken as examples of such 
estimations 



P 01 cont 
of s 

Hoi wfc (nBHiiinlug 1 atom 
fc3 to onon mol protoin) 

Edestin (ciystatlised) 

0 87 

3680 

Oxyhsemoglobin (hoise) 

0 43 

7440 

Egg albumin (crystallised) 

1 3 

2460 


In this manner it is possible to determine the smallest moleculai 
weight which will satisfy the analysis figures The value so obtained, 
howevei, is an empirical one, and the actual molecular weight may 
be a multiple of it Schulz has estimated the molecular weights of 
edestin, oxyhemoglobin, and egg albumin, to be 7300, 14,800, and 
4900 respectively 

The molecular weight of oxyhemoglobin may also be calculated 
in an analogous manner from its non content As has alieady been 
stated, this substance is a compound of a simple protein (globm ), 
containing sulphur, and a pigment {licematiii) in which iron is piesent 
(P 571 ) Although it has not yet been proved expelimenlally, it is 
probable that each oxyhemoglobin molecule consists of one molecule 
of globm and one molecule of hematin On this assumption the 
sulphur content of oxyhemoglobin (o 43 to o 67 per cent ) corresponds 
to a molecular weight of 14,800 to 9500, whilst the non content (o 4 
to o 5 per cent) coriesponds to 14,000 to 11,200 

Molecular weights have also been calculated from the propoition 
of metal contained 111 the precipitates which are formed by adding 

1 F N Schulz, Du G)ossedesEnmsztnolectils, Jena, igo3 9 R O Herzog and M Kabul, 
Z physiol CAtm, 1924, 184 , 296 3 SoTensen and HByrup, Z physiol Ch , 1918, 106 , 1 

4 W Pauli, Biochem Zetfsch , 1922, 121, 150 
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salts of heavy metals {eg, copper sulphate) to protein solutions 1 
11m cannot be discussed in detail heie 

Svcdbcig has developed an ultracentrifuge method of determining 
molocuhu weights He concludes that a number of proteins are 
monodispei sc (homogeneous with legai d to molecular weight) when 
examined in the neighbomhood of the isoelectric point, and divides 
them into two gioups namely, those giving values of the order of 
millions, eg the hmmocyanins, and others the molecular weight of 
which is citliei 34,500 or this figure multiplied by 2, 3 or 6 (ovalbumin, 
34,500, haemoglobin, 68,000, seium albumin, 67,500, serum globulin, 
103,800, edestin, 208,000) At higher and lower p n values the 

pmtcin molecule appeals to bieak down, although m many cases this 
change is lcversiblc 1 

1 m om these examples it will be seen that no exact estimation of the 
magnitude of the pi olein molecule can yet be made It remains for 
physical chcmisliy to discover a satisfactoiy solution of the problem 
Composition of Piotems —The pure chemistry of the proteins is 
based on that of the amino acids, which have already been dealt with 
on pp 210 to 225 Some special characteiistics of the proteins are 
discussed in the following pages 

Proteins in genet al contain the five elements, carbon, hydrogen, 
oxygen, mtiogcn, and sulphur 8 The percentage of each of these 
piescnt vanes for diffcient types within the following limits 


G'irbon 

505 

to 

54 6 per cent 

Hydrogen 

6 S 

)> 

73 

)> 

Oxygen 

21 S 

)> 

23 S 

it 

Nitiogcn 

15 O 

1) 

17 6 

>1 

Sulpluu 

05 

n 

2 2 

a 

Phosphorus 

0 42 


0 S5 

a 


lhe two olhei main gioups of foodstuffs, fats and carbohydrates, 
diffei fioin pi oleins in containing no mtiogen In physiology, there- 
foie, the quantity of nitrogen utilised by the organism gives a direct 

measure of the amount of protein metabolism 

lhe mtiogen in piotcins occurs 111 vaiious states of combination 
Most of it is piescnt in peptide gioups derived fiom monamino acids 
and aftu hydiolysis of the piotein the lesulting free ammo groups can 

Ik estimated by means of nitrous acid (van Slylce) 1 

The basic mtiogen is denvcd fiom the fiee amino groups contained 
m basic piotcins, which aic piecipitated by phosphotungstic acid The 
inajonLy of these compounds aic built up from molecules of diammo 


1 ]« thin uk, “ Uulcrsucliungcii Ubci die ICupferverbindungen des Albumins,’’ Z physiol 
a 1881, B, 198 S i-hul/ and Zsigmondy, be at a The Svcdberg, Fraas Fa,ad tot, 

; ^ the n ud«n>, to be de.cnbed liter, contain phosphorus Iron is present 

in ini inoglobm and copper in hxmocyanin In addition, trices of iron ore genen y oun 
,ish of proteins * D D van felyke, Be, , 1910, 48, 3WO, I9ii> 44, 1684 
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acids in such a way that only one of the two amino gioups takes 
pait m peptide union, the othci lcmaimng ftce Nitiogen piest.nl In 
the lattei state can be estimated by formol liliation (Soicnscn), 01 
by means of mtious acid (see above) 

The gnanulim nitiogen of basic pi oleins is contained in the fice 
guanidine group of arginine 

Finally, it is possible that niliogcn may also be piescnt in an and 
amide gi wiping, such as is found in the half amides aspaingine and 
glutamine (pp 282, 283) The occunence of the half amides of aspaitir 
and glutamic acids in the piotcm molecule is sliongly suppoitcd by 
the woik of Osboine, Ihieifcldci 1 and othcis Nitiogen 111 acid 
amide gtoups can be lemoved as ammonia by tieating the pioloin 
with dilute mineial acids 

Some nitiogen may also occut in the foim of diLetopipo a r *iue gioups 
Owing to the fotmalion of undefined by-products duung hydiolysis 
th cse diffeienl nitiogen fiactions cannot be estimated acciuatcly 

The sulphur m proteins is detivcd fiom cystine, cysteine (thio- 
senne), and a thud component which has been identified by IJaigei 
as -y-methylthiol-a-aminobutyiic acid {inctlnomne , see p 234) 

The instability of the piotcm molecule has lendcicd the investigation 
of the structure of these compounds a very difficult problem to attack 
by any method other than hydrolysis NeveithelebS, in lccent yoais 
piotems have been acctylated and methylated, and the pioduets 
reduced and subsequently hycholyscd, with a view to gaining mfoinia- 
Uon as to then constitution 2 Proteins have also been halogcnated 
Halogens 8 enlei into the ung systems of cyclic ammo acids, and 
change the protein in such a way that sulpliui can no longei be 
removed fiom it by lieatmenl with alkalis P01 a given method of 
halogenation, the amount of halogen taken up by a pailiculai kind 
of pi otein is constant 

Kossel and Edlbachei 1 have methylated piotems, chiefly piotamincs, 
by means of dimethyl sulphate The N-mcthyl numbci, t e, t the 
mimbei of N methyl gioups couesponding to 100 atoms of nitiogen, 
was found to be a chaiactenstic foi each individual piotcm examined 
It was shown that veiy similar compounds may give quite diffeienl 
N-methyl numbeis 


Reactions of Proteins 

No single one of the following reactions is in itself a lelmble test 
for the presence or absence of proteins, but cases of doubt can be 
determined by the use of several of them 

The reactions of proteins are divided mto precipitation and coloui 

1 fhiorfelder and v Cramm, Z physiol C/t ,1918,100, 58 9 Trocnsogaard, Z physiol C/i, 

1923,127, 84,137 3 See Cohnhcim, Charm der EtweisshBifier (Brunswick, 1911) , seo also 

Siegfried and Reppin, Z physiol Ch , 1915, 96 ,18 * Z physiol Ch , 1918, 107 , 52 
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ieactions Foi detet mining the piesence of proteins m animal fluids, 
ceitain piecipitation ieactions only may be employed Whcieas the 
coloui ieactions depend on the occurience of ceitain chemical gtoupsm 
the pi olein molecule, and die Ihetefote given also by the conesponding 
non-piotein hydrolytic pioducts, the piecipitation reactions aie due to 
the colloid natuie of the piotein and these alone give tellable informa¬ 
tion as to the piesence of protein as such Piecipitation ieactions aie 
accoidingly employed in medical science for the detection of piotem 
matlei mammal fluids {eg mine) Coloui ieactions should be applied 
exclusively to puic protein solutions 

Precipitation Reactions I Coagulation Test —Proteins aie pie- 
cipilated when heated in faintly acid solution, especially in the piesence 
of neutial salts (see p 756) 

2 Hellers 'lest —Proteins aie coagulated by treatment with 
concentiatec! acid, eg nitric acid This test is carried out as follows — 
Concentiated mine acid is gently pouted down the side of the test-tube 
containing the piotein solution The acid foims a lowei layer and 
awhile disc of precipitated piotein appeals at the junction of the two 
liquids 

3 Proteins are piecipitated by the addition of small quantities of 
salts of heavy metals , such as feiric chloude, feme acetate, copper 
sulphate, copper acetate, mei curie chloude, and basic lead acetate 

4 Owing to their chaiaclei as weak bases, piotems aie piecipitated 
by the alkaloid leagents , eg phospholungstic acid and phospho- 
molybdic acid (in the piesence of mineral acid), tannin, hydrofoilocyanic 
acid, and piciic acid As phosphotungstic acid bungs about complete 
piecipitation, it is fiequcntly employed foi the removal of dissolved 
piotein, moie especially of basic piotein The ieactions with tannin 
and hyclrofet 1 ocyanic acid aie also veiy sensitive The latter is usually 
earned out by ti eating the protein solution with potassium fei t ocyamde 
and acetic acid Potassium meiciuic iodide, like trichloroacetic acid, 
is often used to remove proteins fiom physiological solutions Protein 
in urine is detected by ieactions I and 2, and by precipitation with 
hydiofenocyanic acid, moic lecently a 20 per cent solution ofsulpho- 
salicylic acid has been intioduccd foi this purpose The precipitation 
leagents are used in histology as fixatives 

Oolom* Reactions 1 Buttct Reaction — This has been descnbed on 
p 224 It is chiefly used foi distinguishing between proteins and then 
patlially hydrolysed products, as peptones and albumoses give a leddci 
tint than the piotems The biuiet reaction, howevei, is not a reliable 
test foi a protein, since it is also given by certain olhei substances, 1 

2 MiUon's Test —On boding piotein, eithei in the dissolved state 
01 m solid foim, with an aqueous solution of nitious acid in mcicurtc 
nitrate, the coagulated piotein and the liquid ate coloured pink to 

1 II Schiff, Bi) , 1896, 20 , 298, 1897, SO, 2 155 
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dark led This reaction is given by all compounds having phenolic 
gioups in the molecule, and in the case of protein is due to the ptesencc 
of tyrosine residues 

3 Xantho piotem Reaction —On tiealing a protein solution with 
strong nitric acid, a yellow coloration is pioduced, occasionally in the 
cold, but usually only aftei heating On addition of excess of sodium 
hydroxide the liquid becomes reddish biown, whereas with excess of 
ammonia it turns an orange colour This leaction depends on the 

piesence of tyiosine and tryptophane gioups, but is not peculiar to 
proteins 

4 The Adamkiewicz-Hopkins Reaction —With a mixtuie of con¬ 
centrated sulphunc acid and glyoxalic acid (oi a solution of gly oxalic 
acid m glacial acetic acid) proteins give a reddish violet coloiation, 
slowly in the cold but more rapidly on warming This leaction is due 
to the presence of tryptophane groups and hence is not given by 
gelatin, in which this group is absent 

5 The Nmhydun Reaction 1 oi Abderhalden and Schmidt When 
heated with triketo-hydrmdine hydrate (ninhydrin), piotcms and all 
cc-amtno acids give a blue coloration 

6 The Lead Sulphide Test —When a protein solution is heated 
with an alkaline solution of a lead salt, eg lead acetate, a black 
precipitate or a dark brown coloration is produced, owing to the 
formation of lead sulphide 

7 The Iodine Test —For microscopic detection, proteins aie mixed 
with tincture of iodine or a solution of iodine in potassium iodide 
The coagulum develops a yellow colour 

Glassification of the Proteins and the Characteristics 

of the Individual Groups 

As yet it is not possible to classify the pioteins on a puiely 
chemical basis, although they could perhaps be grouped in accotdance 
with the relative proportions of mono- and diammo-acids foimcd 
from them on hydrolysis A better method is to base the classifica¬ 
tion on physicochemical differences In this way the pioteins can 
be divided into two mam groups and a number of sub-groups 

(a) Simple Proteins 

I True pioteins 

(a) Albumins (serum albumin, ovalbumin, lactalbumui), {b) 

globulins (serum globulin, ovoglobulm, lactoglobuhn, cytoglobuhn), 
(c) plant globulins and plant vitellms, (d) fibrinogen, (e) myosin , 
(/) phospho-proteins, which contain phosphorus (caseinogen, vitellms) , 
( g ) histones, and ( U ) protamines 

1 Cf Abderhalden and H Schmidt, l phystol C/i , 1913, SB, 143 Halle, LOwenalein, rod 
Pribram, Bwchem Zeitsch > 1913! 66, 337 
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11 Albuminoids 1 

(«) Collagen, (£) keiatm (ftom hair, featheis, horn, etc), (c) 
elastm, (d) fibioin (fiom silk), ( e ) spongin, conchiolin, (./) amyloid, 
(g) albumoid and melanms 

(b) Conjugated Piotems 

Compounds of piotems with othei and usually highly complex 
substances 

(a) Nucleoproteins compounds of proteins with nucleic acids, 
( b ) chiomoprotems (haemoglobins), (c) glucopioteins compounds 
containing caibohydrates (mucins) 

Only a shoit account of the diffeient groups can be given here 

I—SIMPLE PROTEINS 

i Ttue Ptotems 

The albumins form a well-defined and leadily accessible gioup of 
piotems, and, as alieady stated, may be obtained m a crystalline 
condition A They aie soluble in puie water, m dilute salt solutions, and 
in acids and alkalis Pure solutions of albumins are neutial They aie 
not piecipitated fiom these solutions by satuiation with salt 01 
magnesium sulphate, nor by half salutation with ammonium sulphate 
In this last respect they differ fiom the globulins, which are fiequently 
associated with them m natuie On the other hand, the albumins 
aie completely precipitated when their solutions are saturated with 
ammonium sulphate On treatment with caustic soda, ovalbumin 
gives egg ptotalbimc acid and egg~lysalbimc acid* The albumins so 
tat investigated contain a laige percentage of sulphur and yield no 
glycine on hydiolysis 

The globulins diffei in a number of ways fiom the albumins Foi 
example, they do not dissolve in pure watet, although they aie soluble 
m dilute solutions of neutial salts and of alkali caibonatcs They 
behave as acids and are piecipitated by caibon dioxide fiom very 
weakly alkaline solutions, an excess of caibon dioxide, however, is 
to be avoided They aie veiy easily denatuted, and may be pie¬ 
cipitated fiom then solutions by dilution with watei or by acidification 
Globulins are completely salted out with magnesium sulphate at 30°, 
but with sodium chlonde the precipitation is incomplete They aie 
piecipitated when then solutions aie half satinated with ammonium 
sulphate, a propcity which is used in the sepaialion of globulins fiom 

1 These nrc frequently giouped undci the heidmg of unclassified piotcma or schtoprotems 
They differ from the H true proluns" chiefly in then physical pioperties, * £ insolubility, and 
jn then fulure to give certain of the typicil prolcm icactions, but no sharp distinction can 
be ill awn betuccn the two group* 3 I 4 or the distillation of ovalbumin under diminished 
pressure, sec A Pictet and M Ciamer, Helv Chtm Acia > 1919, 2, 1S8 3 Skriup and 

Ilummclbergcr, Monats , 1909, 80 , 135 
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albumins This is the most pionounccd difference to b( obseivcd 
between the two classes 

The plant globulins, which function as lescivc matuial m the st id, 
me also veiy icadily isolated The best known of these is o&estin, 
which is soluble at 6o° m a 3 pci cent solution of sodium chloi ule, 
fiom which it may be obtained in a ciyslallino stale On pail ml 
hycholysis with caustic soda cdeslm yields thice pioducts a piolnlbimc 
acid which is vciy spanngly soluble in watci, an albumosc (lysalbnuc 
acid) which is soluble in walei and can be piccipilalcd with ammonium 
sulphate, and a peptone which cannot be salted out 1 

Fiom plant seeds such as bailey and wheat, Osborne and his 
collaboiatois have isolated }'nolammes , 01 ghadni'i , a class of ptolcin of 
which no representatives have yet been discovuied in the animal 
kingdom Unlike olhei piotcins they aie soluble m 75 pci cent 
alcohol, and contain a laigc propoition of glutamic acid (up to 40 pu 
cent) 

Myosin , piescnt in muscle, possesses the piopeities of the globulins, 
and plays an important pait in the phenomenon known as ugoi mot/is 
Fibimogcn and casemogtn aie distinguished by then piopeity of 
clotting undei the influence of ceitain ferments This ptocess is not 
to be confused with coagulation 1 he clotted substances ate insoluble 
in water and salt solutions, and can be coagulated by heating ot by 
tieatmenl with alcohol Fibrinogen is a protein contained in the 
blood of all vertebiates In the presence of calcium salts ami undei 
the influence of a ferment, thiombase, it is convcitcd into flbi'ln, llu 
clotting of blood is due to this change 

The phosphoproteina contain phosphoms At one time they weic 
known, as nucleo-albumins and were giouped with the nuclcopiotcins 
Unlike the lattei, however, they arc not found in combination with 
nucleic acid Phosphopiotems aie distinctly acid in charactci, and 
coloui litmus red They are insoluble m watci, but leadily dissolve 
m the foim of then alkali and ammonium salts From these solutions 
the addition of acids piccipitatcs the onginal compounds The salts 
are not coagulated on being heated in solution This gioup includes 
casemogen and vitcllm, which is piescnt in egg yolk 

Oaselnogen 2 is the chaiactenstic protein of milk, in which 
lactalbumm and lactoglobulin are also present As yet it has not 
been definitely ascertained whether the milk of different animals 
contains one and the same casemogen The compound is present 
in milk in the form of the soluble calcium casemogcnate On 
addition of acid, casemogen is precipitated owing to its insolubility 
in water Hence it may be purified by solution in alkali and 
reprecipilation with acid Under the influence of icnmn, a fcimcnt 

1 Skraup and Weber, Monats , 1909, 80 , 389 * R Scherer, Das Caw n Oesstn 

Zttsammetisetzung, Dtgtnschaflen, Hsrsiellmg mid Vitim lung Second Edition, Vienna, 1919 
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stitetid by the mucous membiane of the stomach, caseinogen is 
conveilcd into t asein 1 The latter diflets from caseinogen in the 
insolubility of its calcium salt Consequently, if calcium salts aie 
uliendy piescnt in the solution m which this change occurs, as is 
tlu case in milk, insoluble calcium caseinate 01 curd separates out 
i hi convusion of milk into junket by means of extiact of rennet 
is thiufoic a dual piocess, involving the production of casein from 
caseinogen and the piecipitation of insoluble calcium caseinate 
1 lie action of lenmn is assisted by the presence of small amounts 
of acids, and is letaided by alkalis In the preparation of cheese 
the cuid is feimerited by more piolonged treatment The artificial 
milk picpatation, eu casein , is the ammonium salt of caseinogen, 
nit/) ose and plasmon aic sodium salts 

I lie souiing of milk m summer, ie, acid clotting, is to be 
distinguished fiom the curding pioduced by lenmn The former 
is a ducct lesult of the fermentation of the lactose by micro- 
oig.imsms, leading to the foimation of lactic acid which precipitates 
llie caseinogen (sec above) This piocess can therefore be delayed 
by the addition of sodium bicarbonate The residual clear liquid 
is known as sout whey 

On the other hand, the residual liquid from cheese is known as 

sweet whey, owing to the absence of acid 

Numcious analyses have been made of caseinogen from cow’s 
milk, the most tellable of which are piobably the following due to 
Ilammaislen —C 5296 percent, II 7 °S P ei cent,N 1565 pei cent, 
S 0758 per cent, P 0847 pci cent In this connection, however, it 
must be lemembeied that caseinogen has not yet been obtained in 
the ciyslallmc state On hydiolysis with sulphuric 01 hydrochloric 
arid caseinogen yields a numbei of pioducts, including glutamic acid “ 
anil lb ice diffcicnl compounds of the composition of leucyl valine 

anhydnde , (^UjoO.Ng 

In addition to its use in the picpaialion of patent foods such as 
plasmon, sanntogen, etc, caseinogen is employed m laige quantities 
in the mamifactuic of artificial bone and ivory goods, and electrical 


insulating nniloiial 

Hit last two gioups of simple pi oleins, viz, the histones and 
ptoiamxne 1, contain a laige pioportion of diamino acids and are basic 

in inaction They appeal to be of tdatively simple stiucture 

Histones always occut in naluie in combination with ot er 
compounds, as in the spermatozoa of fish Globin, the protein com¬ 
ponent of the ted coloimng matter of blood, also belongs to this group^ 
Ilistoncs have a pionounccd basic chatacter and are soluble in act s 
iMoin aqueous solutions they aie piecipitated by addition of ammonia, 

1 Pirt of this undergoes n further decomposition, E Peliy, C, i|o6, II, 803 “ ^g 1 " 1 

HUS', Monais , 1909, 81), 287 i See J Bong, / physiol Ch , 1897, a7, 4 3 1 9 1 > 
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but ledissolve in excess of the icagent I hey die, not coagtilaUd by 
boiling, except m the piesencc of salts It is not at picsint possible 
to give a clear definition of a histone, but these compounds appeal to 
occupy an intermediate position between the piotaimncs and othci 
piotems (Kossel) 

Protamines have hitheito been found only in combination with 
nucleic acids in the spermato 7 oa of fish Ihc individual piotaimncs die 
named after the fish fiom whose testicles they aic obtained, i g sahmne 
fiom salmon, stunne ftom sturgeon, and clitpune fiom hen mg I hoy 
have been investigated more paiticulaily by Kossel 1 A quantitative 
examination of the ptoducts obtained by hytliolysing piotamines by 
means of acids or trypsin has shown that they contain appioximatc ly 
| of their nitrogen in the foim of aiginine, togclhci with small 
quantities of monamino acids The foimula of sahmne is possibly 
(C 8 iIIi B6 N 16 0 i 8 ) k or (C 03 H 18e N c4 O 21 )-,, m which x may be I 01 gi eaten 
than i The piotamines ate strong bases but veiy little is Known «is 
to their properties tn the free state, The best known salts aie the 
sulphates, which can be purified by piecipilation with alcohol fiom 
sulphuric acid solution The hydrochlondcs aie moie leadily soluble 
than the sulphates Solutions of the salts are laevoiolatoiy The 
platinum double salts of the piotamines ate eithei insoluble 01 
sparingly soluble in water, and have been fiequcntly used foi analysis 
The compound of this type formed by salnunc appioximates in 
composition to 2(C ai H 1B6 N J6 O ia ), 23I-ICI, 11 PtCl t 

Protamines cannot be coagulated by heat, but may be salted out 

by use of ammonium sulphate or sodium chlonde For then inclhyla 
tion, see p 762 

2 A Ibummoids 

The albuminoids are only found in animal bodies, in which they aie 
present in the undissolved state They constitute the fiamewoik of 
animal tissue, and play the same part in the animal body as ccilain 
carbohydrates (eg cellulose) do in the vegetable kingdom They cannot 
be dissolved without undergoing chemical change, and cliffei from 
other proteins chiefly in then resistance towaids chemical icagcnts 
As already mentioned, there are different kinds of albuminoids 

Collagen is the most widely distributed of these compounds It 
forms the basis of bone and caitilage, and is the chief constituent 
of the connective tissues 'When boiled with watei collagen passes 
more or less readily into solution, hydiolytic decomposition ptobably 
taking place during this process The soluble pioduct is known as 
gelatin (glutm) On being cooled to room temperatuie the solution 

1 Kossel his given a sumimiy of his results in "Ucbei die elnfachen riwcisskOrpei," 

Btochem CentutttlaU, 1906, V For stunne, see Kossel and Wetss, Zett f fihvnol Ch 
1912^ * 78 , 402 y J 1 
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sets to a jelly, which again liquefies on wanning Gelatin is not 
tin own out of solution by nitnc or othei mineral acid, but is 
pi capitated by meiciuic chlonde in the presence of hydrochlonc 
acid, and also by tannin 

The collagens obtained from different orgdtis and diffeient animals 
aie not necessanly identical Collagen differs from the “tiue pioteins’ 1 
mote especially in its high content of nitrogen (17 9 P ei On 

hycholysis it yields, m addition to other products, an exceptionally 
high piopoition of glycine (15 to 18 per cent) On the othei hand, 
collagen contains neither tiyptophane not tyrosine residues, and the 
piotein leactions due to the presence of these amino acids aie 
theiefoie not given by it 

Keiatin is contained m most of the homy stiuctures produced by 
the epidei mal cells of the skin, te horns, hoofs, nails, featheis and 
halt It is insoluble in watei, dilute acids and alkalis, but when 
boiled with alkalis 01 heated undei picssuie with water it undeigoes 
decomposition and passes into solution ICeiatin contains a very 
high piopoition of sulphui (4 to 5 pei cent), the greatei pait of 
which can be removed in the foun of hydiogen sulphide by boiling 
with alkali, or even with watei According to Diechsel, another 
substance belonging to this gioup is gorgonin, the insoluble piotein 
in coral Similaily ioclospongiu, the skeletal tissue of the tiopical 
horn sponge, is piobably to be classified with the keratins It was 
shown by Moinci that goigontn, lodospongin, and othei pioteins of 
the skeletal tissue of anthozoa all contain halogens Fiom the 
hydrolysis pioducts of these compounds have been isolated 3 5- 
diiodo-tyi osim {iodo-gotgome aetd), and 3 5 dib) owo-fytosme (bromo 
gotgomc acid ) 

Mastln fotms the clastic fibies of animal connective tissue, and 
is gencially prepaied fiom the ccivical ligament of the ox Like 
keiatin, it is insoluble in dilute acids and alkalis, but contains a 
compai ativcly high caibon and low sulphui content When elastin 
is waimed with dilute alkalis the sulphur is completely lcmoved 

Plhi’osin 01* slllc flbi*oin is the chief constituent (about 53 per cent) 
of silk, and has been more fully Investigated than any othei albuminoid 
When silk is boiled for seveial horns with watei ,stlk gelatin 01 serioln 
passes into solution, leaving behind the insoluble silk fibioin Ihe 
lattei is insoluble in dilute but soluble m concentiated acids and 
alkalis It is piecipitated fiom its solutions on neutralisation, or 
addition of alcohol By pattial hydiolysis of fibrosin Abdcihalden 1 
obtained <\-a/atiy!-glycai 0 t and <A-al<iuyl-glycyl \~tyiosme The lattei, 
which has also been picpaied synthetically, was the fiist Lipeplide 
to be obtained by the pai tial hydrolysis of a protein 

Spongin is the chief constituent of the common sponge, and 

1 Abderlnklcn, / phystol Ch , 1911, *JZ, 1 

3 c 
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resembles keratin in many respects At oidinaiy tempciatuics it only 
dissolves in veiy concentrated sulpluuic or hydtochloric acid, but it is 
moie readily soluble in alkali Conchiohn is the oigamc component 
of the shells of the mussel and snail, comein is the coircsponding 
constituent of coral 

Amyloid takes its name fiom the fact that undei certain conditions 
it yields a blue coloration with iodine (cf starch, amylum) It does 
not occur normally m the body but is pioduced undei pathological 
conditions Whereas healthy tissue is coloured blue with methyl 
violet, tissue containing amyloid is coloured luby-ied 

In the group of albuminoids are included a laige numbet of othci 
pioteins, of which so little is known that they cannot be discussed hcic 

II —CONJUGATED PROTEINS 

As has already been stated, the conjugated pioteins are compounds 
of proteins with other complex substances, the non~piotein pail of the 
molecule being known as the fit osthetic g) oup 

Nuoleoproteins are compounds of proteins with nucleic acids, and 
aie so named because they aie the chief constituents of the cell nucleus 
in plant and animal otgamsms They are all soluble in watci and 
salt solutions, and dissolve with special ease in alkalis lhey arc 
strongly acid m chaiactei, may be salted out from then solutions, and 
are denatuied by heat Nucleoproteins aie present in all cell nuclei 
and have been piepaied fiom a number of veiy diffeienl oigans, 
including the spermatozoa of fish Cateful investigations have been 
earned out on yeast nucleoprotein, the nucleic acid of which is leachly 
isolated 

The manner in which the nucleoproteins are built up fiom the two 
components, piotein and nucleic acid, is still unceitain It appeals, 
howevei, that the nucleic acid is combined with two pails of pi olein, 
one of which is easily detached, leaving a compound still containing 
nucleic acid united with protein The latter substance is known as 
a nuclein On further treatment the nuclein breaks down to give a 
nucleic acid 

The constitution of the nuoleic acids 1 has been examined by 
Feulgen, Kossel, Levene, Osborne, Steudel, and others Accoidmg 
to the method of treatment these acids may undei go pailial oi 
complete hydrolysis 

Complete hydrolysis with dilute mmeial acids lesults in the 
formation of phosphoric acid , purine and pyrimidine bases, and a 
carbohydtate Among the purine bases have been found xanthine, 
hypoxanthine, adenine and guanine, and among the pyitmidme 

1 See also Nucleic A cuis, by W J ones (Longmans, Green) Nth ogeuous Constituents of the 
Living Cell, Pltmmer Du Nueleme, Feulgen (J Springer, Berlin, 1924) 
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bases cytosine, uracil and thymine The actual pioducts obtained 
vaiy with the type of acid hydiolysed The carbohydrate present 
in the vegetable and certain of the animal nucleic acids, eg yeast 
nucleic acid, has been identified as the pentose cl- ribose (see p 296) 
In many animal nucleic acids the place of ribose appears to be 
taken by anothei carbohydrate, the constitution of which has not 
been definitely established 

According to a lccent investigation of Levene, 1 howevei, the pure 
sugai has been isolated fiom thymonuclcic acid by employing a veiy 
mild hydiolytic agent (intestinal juice) and has been identified as 
a desoxypentose If this is confirmed, it is clear that a hitherto 
unsuspected significance must be attached to pentoses in 1 elation to 
animal metabolism 

By the hydrolysis of nucleic acids with ammonia, Levene^ has 
obtained mono-nudeotides These <ue compounds built up of a 
moleculai piopotlion of catbohychatc united with one of phosphoric 
acid and one of base 

The pioblem of deteimining the mannei in which these component 
paits ate linked togethei in the mono-nucleotides has also been 
paitially solved by the use of hydiolytic methods Foi example, 
if the nucleotide inosmu acid, obtained fiom muscle, is heated with 
I pei cent hydtochloric acid, it yields nboie-phosphoitc acid? which 
by oxidation with mine acid has been shown to contain the phosphoric 
acid united to catbon atom 5 Ribose-phosphoric acid may therefoie 
be lepiesented as 
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When nucleic acids are heated under piessuie m ammomacal or 
neultal solution, the nucleotides first formed part with phosphotic 
acid and yield nucleosides? which arc ciystalline compounds of 
caibohydiatc and base The union between caibohydiale and base 
in these compounds is glucosidic in type, te, at the aldehydic cat bon 
atom of ribose It is still a mattei of contioversy which carbon 
atom of the base is concerned m this union, in the pmine bases 
it is either atom 7 or 8 

Newci investigations indicate that in othei nucleotides the phos- 
phonc acid gioup may be linked to diffeienl caibon atoms of the 
tibosc molecule Thus Kmbden and Zitnmeimann 6 have shown, that 

* I cyclic * 111(1 I oiulon, [ Hint Chatt , 192-9, SI, 711 See nlso I eulgen, / physiol Ch , 
1917, 100, 241 J P A I evwie, J Ihol Ch , 1919, 40 , p5, 1920,41, 19 3 Lcveno mil 

Jtcobs, Be> , 1911, 41 , 7 (.6 1 I cvcnc uni J icobs, Bt> , 1909, 4 S, 2 469, 2703 0 /eilschi 

Jto physiol them, 1929, 181,130 
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adenylic acid fiom muscle is not identical with the adenylic acid fiom 
yeast As each compound, aftei removal of base and phosphonc acid, 
yields the same hypoxanlhme-riboside, the diffeience between the 
two nucleotides can only lie m the diffeient point of union of the 
phosphonc giouping 

The nucleotides have therefoic the following stiuctuic 

phosphoric acid—cat bohydrate—base 

Carbohydrates foim moie stable compounds with pyrimidine than with 
purine bases 

Nucleic acids are composed of several (generally foui) nucleotide 
molecules, which aie piobably linked together thiough the phosphoric 
acid gioups They aie therefoic to be legalded as polynucleotides 
Hammaisten classifies these compounds as follows 

1 Simple Nucleic Acids or Nucleotides —Included in this gioup is 
tnosime acid, which was isolated by Liebig 1 from meat Inosmic 
acid is a laevoiotatory syrup of the stiucture 

phosphoric acid—rf-ribosc—hypoxanthine 

It forms ciystalhne salts, the barium compound being sparingly 
soluble Gucinyho and, of the composition 

phosphoric acid—af-ribose—guanine, 

was fust prepaied from the pancreas by Bang It yields crystalline 
salts, and has itself been piepaied in the ciystalhne condition fiom 
yeast nucleic acid by Levene It is a constituent of other nucleic 
acids, but also occuis in the fiee state m the panel eas and othei 
organs 

2 The tiue compound nucleic acids or polynucleotides are divided 
into two groups, viz, thymus nucleic acids , obtained fiom animal 
organs, particulaily the thymus gland, and plant nucleic acids Up 
to the present, polynucleotides have only been obtained as amorphous 
dextiorotatory substances They are sparingly soluble in water, 
piactically insoluble in alcohol and ether, but soluble in ammonia 
and alkalis They are precipitated from solutions of their salts by 
the addition of hydrochloric acid The salts can be precipitated by 
means of certain clye bases, and owing to the solubility of the product 
in alcohol this method is recommended by Feulgen for their puiifica- 
tion Yeast nucleic acid, which is probably identical with the tnttco- 
nucleic acid isolated from wheat embryo, is composed of four nucleotide 
molecules, containing d nbose as carbohydrate and guanine, adenine, 
cytosine, and utacil as bases 

Hsamoglobins —These aie compounds of pioteins with pigments 
containing iron Hcemoglobm , the led colouring matter of the blood 


1 Liebig* Ann , 1847 , 62, 317 , Haiser Tnd Wenzel* Manats , 1908, 29, 161 
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of veilebrales, is the chief constituent of led blood corpuscles It is 
built up fiom a protein, globin, and a prosthetic compound, hamiatm 
IIa.matin contains iron, and has alieady been described in detail on 
P 57 L ^ SQQ It is piobable that the blood of different animals 
contains different haemoglobins With oxygen, carbon monoxide, 
and other gases, hemoglobin combines to give loose addition 
compounds, such as oxyhsemoglobin and caiboxy-haemoglobin The 
most important of these is oxyhemoglobin, which contains one 
molecule of haemoglobin to one of oxygen It leadily gives up its 
oxygen again 1 and thus plays an essential part in the respiration of 
the vcitebiates This compound is often loosely termed haemoglobin 
Since it ciyslallises bettei than the tiue haemoglobin, and is readily 
foimed fiom the latter in the presence of atmosphenc oxygen, 
oxyhaemoglobin has been laigely used in analyses and other 
investigations on the colouring matter of blood Owing to the 
extiemely high moleculai weight of these compounds, there is very 
little diffeicnce between the percentage composition of haemoglobin 
and oxyha-inoglobin Haemoglobins from different kinds of animals 
differ considciably in their solubility in water Haemoglobin is not 
salted out fiom a ncutial solution by the addition of sodium chloride 
01 magnesium sulphate, but only by saturation with a mixture of 
magnesium and sodium sulphates 

Undei tho influence of acids haemoglobin decomposes into globm 
and haanalin With hydrochloric acid, foi example, it yields globin 
and an cslci-type of compound of hsematin and hydrochlonc acid, 
known as /uemin The latter has already been described on p 571, 
but lL may be added that its piopeity of separating in chaiactenstic 
lcddish-btown microciystalline needles is of impoitance for the 
detection of blood stains 111 forensic medicine 2 3 

Ihe compound foimed by union of hiemoglobin with caibon 
monoxide is more stable than oxyhremoglobin, and the poisonous 
charactci of caibon monoxide is due to the ease with which it displaces 
oxygen fiom oxyhremoglobin, thus preventing oxygen fiom being 

earned to the tissues 

Gluoopi’oteina aie compounds of pioteins with caibohydiates As 
might be expected, then mtiogen content (n 7 to 12 3 per cent) is 
less than that of the tiue pioteins Ihe gioup consists essentially of 
the muuhi, piesent in the mucous membianes, togethei with the related 
compounds, pseudo-mucins, mucoids and chondroproteins It has 
alieady been stated on p 304 that ordinary mucins yield glucosamine 


1 In iddiLion to ilic imstiblc oxyha-moglobin, i stible compound of hemoglobin with 
oxygen 1) known 111 met-lieemoeloUln llua is foimed from oxyhemoglobin when the litter 

h kept for some time, or fiom hemoglobin by the action of vinous rcigents It is ippirent y 
related to h« muglobin is t feme to 1 ferrous compound (Comnt and Fieser,/ Btol Chem , 192S) 
03 , S 9 S) B I'm procedure, see A Lucas, rot taste CAemtsliy, p 25 (Arnold, 1921J 

3 C 2 
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on hydiolysis, in a sunilai mannet the mucin fiom fiog spawn yields 
galaUosamtne The chondiop) otetns contain chondrosaminc, a sugar 
of a different configuration, which appeals to be closely telated to 
galactosamine 1 

The mucins aie widely distributed m natuie and are known to be 
constituents of mucus and saliva They aie maikedly acid in 
character, do not dissolve in puie wafcei, but dissolve jeadily in alkali 
carbonates and ammonia Fiom these solutions they are piecipitatcd 
by the addition of excess of acetic acid They are not coagulable by 
heat The mucins are vety closely related to the chondroprotems 
Of the latter, the most carefully investigated lepresentative is chondio - 
mtfcotdy which with collagen is one of the chief constituents of cattilagc 
On hydrolysis it yields piotein and chondroitm sulphunc acid* an 
acid ester of sulphuric acid with carbohydrate, containing also amino- 
acid residues When chondroitm sulphuric acid is boiled foi a shoit 
time with acids, it is hydiolysed fuither to sulphmic acid and a sulphur 
free component chondrosm 

The mdanmSy of which very little is known, form another gionp of 
compounds standing in close relationship to the proteins They die 
datk brown or black pigments occurring in hair and skin, and die 
widely distributed throughout the animal kingdom Products 
resembling naturally occurring melanins aie obtained by the acid 
hydrolysis of almost all proteins, these dark products are gioupcd 
together under the name of humm substances 

Constitution of the Proteins 

Recent researches have given rise to consideiable discussion 
regarding the possible occuirence of hetetocychc gioups in protein 
molecules It is well known that diketopipciazmcs are found among 
the hydrolysis products of pioteins and that cyclic compounds such 
as pyrazmes and pynoles are formed by methods of reductive disruption 
The difficulty is to determine whether these cyclic pioclucts exist as 
such m the protein or come into being as a icsult of the decomposition 
pi ocesses 

I Diketopiperartnes —Abderhalden has lecently isolated a numbei 
of diketopipeiazmes from pioteins by mild chemical or fennentatLve 
disruption These include alanyl-glycine anhydride , obtained by hydio- 
lysing dog’s hair with i pel cent hydrochlonc acid foi eight houis 
m an autoclave at 150° to 160°, and alanyl-leucme anhydride and alanyl * 
phenylalanine anhydiide y prepared in a similar mannet fiom hog’s 
bristles 3 The isolation of these compounds, according to Abderhalden, 

1 Compare P A Levene,/ Biol Ch , 1917, 20, 143 s For further det-uls see Oiglcr anil 
Nenberg, Z physwt Ch , 1903, B 7 , 399 Levene and La Forge, J Biol Ch t 1913, 16 , 69, 155 , 

1914, IS, 123 , 1915, 20, 433 0 E Abderlnlden nnd E Kornm, Zeti f phjstef CJrem , 1925, 

145 , 309 
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indicates the existence of diketopipeiaztne sti natures in the original 
pioteins On the other hand, E Fischm, and also Brigl 1 and 
Abdeihalden, have demonstrated the ease with which diketopipeiazmes 
aie foimcd as secondaty pioduct fiom polypeptides 

Abdeihalden has obtained some confirmation of his views in the 
colom leactions given by diketopipeiazmes withpiciic acid, 3 5-dmitto- 
benzoic acid and similai compounds Such leactions aie also given 
by most of the proteins and peptones, but not by polypeptides or 
ammo-acids These conclusions, however, are opposed by vanous 
allies, including M Betgmann 2 

Methods of oxidative and moie especially of leductive disruption 
have been utilised by Abdeihalden Using sodium and amyl alcohol 
as 1 educing agents, he obtained pipeiazines from diketopipeiazmes, 
but not fiom polypeptides 01 ammo-acids On applying this piocedurc 
to silk fibiom, silk peptone and gelatin, Abdeihalden also succeeded 
111 isolating pipeiazme denvatives, thus affoi cling fuither evidence 
m suppoit of the existence of cliketopipeia/ine units in the pioteins 3 

Against these views must be placed the facts that oidmaiy diketo- 
pipeia/mes have no tendency to polymeuse, 1 noi to be attacked by 
feiments 3 (pepsin, tiypsm, erepsin, 01 yeast proteases), in which respects 
they diffei fiom most pi atoms AbdcrhaldeiVs somewhat impiobable 
suggestion that diketopipeia/ines aie disiuptcd in the digestive juices 
without feimenlalive intervention has been lefuted by Waldschmidl- 
Lett/, who points out that diketopipeiazmes have hitheito been isolated 
chiefly fiom silk fibioin and keiatm, substances which aie scaicely 
attacked in the gaslto intestinal canal 

II Pyrroles —It has long been known that pyrroles may be obtained from 
pioteins by city distillation 01 hydiolysis By llie litlci method, E Ftschei isolated 
pyuolidinc carboxylic ilk! (piolme) and hydroxy py noli dine caiboxyhc acid, and 
Hopkins obtained the mdole dcnvalivc tiyptophanc More lecently, lioensegaaul 0 
has advanced the suggestion that proteins ate built up munly of heterocyclic units, 
especially of pytiolc tings, and lias devised methods of testing this hypothesis The 
pioteins (punupally glmdm, gelatin, casern, and the pioteins of blood) weie fiist 
stabilised by acetylation and then subjected to vigoious 1 eduction with sodium and 
amyl alcohol The pioducts so obtained weie of a decided heterocyclic clmractei 
and consisted hugely of pyiroles 

III Other ting system such as those piesent in the oxa7olmes and oxazoles, are 
also considcicd by some chemists to cntei 111L0 the stiucture of piotcms 7 

1 P Bngl, Bet , 1923, 6G, 1887 9 li Abtlcrlnlden and IComin, too cti , M Beigmann, 

ibid , 1925, 114 , 277 ^ Ii Abdeihalden uid 1 * Schft ib, /eii f physiol C/tem , 1925, 148 , 

251 1 Polymerisable methylene dtkclopipcranncs hive, however, been obtained by M 

Bergmann, A Mickcley and b Kami, Ami , 1935* 455 , 17 & Abdeihalden and Goto, 

I et menifot sc/mm*) 1923, % 169 , Waldschmidt^Leil/ and A Schiffnci, Bet , 1925, BB, 1356 
0 N *1 rociibega ud, /t\t / physiol them y 1920, 112, 86 , 1923, 1 2 * 7 , 137 1 142 , 30 ^ f 1929, 184 , 
1 j.7 J« K l inn an n, Chemical Reviews^ 1927, 4 , 102 bee alho Tioensegaard, “ Ubcr die 
IConstittition dei IunQia/vcrbindungen, 1 ’ Sett atitrew Client A 1925, 08 , 623 7 M Bergmann 

and co workcis, Aeii j physiol them , 192Sr 148, 10S P K'inei and co workeis, llelv tfnm 
Acla y 192^ *7, 763 , 1925, 8, 205 
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Despite these intei esting lesearches, the problem of protein stiucturc 
still lemams undetetmined Against the newei ideas must be placed 
ceitain biological facts which indicate a fundamental i clationship 
between pioteins and amino-acids Each living oiganism disiupts 
proteins into polypeptides and amino-acids, and again builds up its 
own piotem matter fiom a mixtuie of amino-acids In addition, cvciy 
ferment action is linked up with the libeiation of free ammo and 
caiboxyl groups The pi obability, therefoie, is that these final pioducls 
into which the oiganism disrupts proteins and from which it again 
synthesises them, foim the chemical units from which the piotem 
molecules ai e themselves elaborated Thei e still 1 cmains the possibility 
that a small gioup of piotems, including silk fibioin and keiatm, contain 
a laige proportion of diketopipetazine units, thus explaining then 
resistance towaids enzymes 


Chlorophyll and othei Plant Pigments 1 

The following chapter is devoted to the chemistry of the colouring 
matters of plants and is divided into two sections, the first dealing with 
the pigments of leaves and the second with those of floweis and bet ties 

This subject was fust successfully attacked by Willstattei and his 
co-workers 

CHLOROPHYLL 3 

Until recently chlorophyll as a chemical substance was unknown 
It was uncertain whether the green colouring matter of leaves was 
iepresented by one compound, by seveial similar compounds, or by 
a great number of substances The piesent state of oui knowledge 
may be summarised as follows 

It has now been established that the cliloioplasts consist of a 
colloidal mixture of colouiless substances with four pigments, viz , two 

closely related chlorophyll colouring matters and two yellow pigments 
These compounds are — 

1 Chlojophyll- a, C S6 H^ 2 0 6 N 4 Mg, a bluish-black solid giving 
gteenish-blue solutions 

2 CklorophylPb, C 65 H 70 O 0 N 1 Mg, a greenish black solid giving pure 
green solutions 

3 Catoiene, C 40 H BO , an orange-ied crystalline substance 

4 Xanthophylli C 40 II 6(J O a , a yellow crystalline substance 

These four pigments were found in every plant examined, 
irrespective of its botanical classification 

?*! R Y'i lst ^ tC , r i Bt> ’ 19141 47, S Am c s > *9iS, 87, 333 a Compare 

YV ills totter 'ind Stoll, UnttisuchuHgen ubet C/ifot ophyll (Springer, Berlin, 1913) 
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Chloiophyll contains 2 7 pci cent of magnesium and gives an ash 
of puic magnesia, phosphoius and 11011 being absent On hydioljrsis 
it yields the alcohol phytol , C,, 0 H 40 O (see p 146), in quantities 
concspondmg to about a thud part of its molecule The other 
hydiolysis product is a nitiogenous caiboxylic complex containing four 
pynolc nuclei 1 he constitution of this fragment has been detei mined by 
an examination of the decomposition products phytoclilonn -e, obtained 
fiom chloiophylWq and phytoi hodin- g, obtained from chloiophyll-^ 
lhe foimcr is olive-giccn in etheieal solution, and the latter red 

Flesh leaves contain about 2 paits per 1000 of chlorophyll-a, 
J ] of a pa it of chloi ophyll b, J of xanthophyll, and $ of caiotene 

A gi cat deal of mfoimation 1 elating to the constitution of 
chlorophyll has been deduced by Willstatter from the behaviour of 
the decomposition pioducls obtained by the action of acid and alkali 
on the parent compound 

Decomposition of Chlorophyll by Alkalis and Acids 1 —Under the 
influence of an alkali, chlorophyll yields phytol and the alkali salts 
of cat boxy lie acids lhe salts are soluble in water and have a 

chlorophyll-gieen coloui 

Gentle Ueatmcnt with acid, on the othei hand, leads to a diffeient 
pait of the molecule being attacked No salt-forming gioups are 
pioduccd in this case and thus no hydiolysis has occurred, but the 
icaction is accompanied by a coloui-change fiom chlorophyll-green to 
olivo-gicen The component of chloi ophyll which is detached by 
alkalis is theiefoienot affected by acid under these conditions, and con- 
vetscly, a chaiacteiistic gioup of atoms which is present in chloiophyl! 
and the above alkali salts is attacked with sui prising ease by 
acids 

Fiom the examination of these and other degiadation products 
obtained by the action of acids and alkalis on ciude chloiophyll, 
Willstlittei was able to gain so much information concerning the 
chloiophyll molecule that when the colouung matter was finally 
isolated in the puic state its investigation levealed nothing new 
the chloiophyll-gicen caiboxyhc acids (of the a and b senes) 
foimcd by hydiolysing the ciude alcoholic extract of leaves with alkali 
aic Known as ohloropliyllina Although somewhat unstable, they 
can be sepaiated from the hydiolysis mixtme in a more or less 
pine condition These compounds contain magnesium, which is 
not picsenl in the lomsablc slate but is assumed to be part of a 
metallic “complex” While the group containing magnesium is very 
sensitive towaids acids, it is compaiatively stable to alkalis On being 
healed at lempcialuies up to 240° with concentrated alcoholic alkali, 

1 lhe vuumu ilcgiadnlum products or chlorophyll mentioned in this chapter are stimmansed 
>n n table on p 783 
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the chloiophylhns give use to a senes of ciyslalhm decomposition 
products possessing magnificent coloui and stiong fluoicscenii 

The pioducl fiist fanned contains thiec carboxyl gionps, and with 
ptogiessive action this numbci is i educed to two and finally to ont 
All these acids are gioupcd togclhei imdci the name of pliyllins, and 
contain one atom of magnesium to evuy Com atoms of niliogm 
Some of them arc named fiom their coloui, as in the case of pjatno- 
phylhn and ) hodophylhn, which aie lcspcclivcly blue and led 

The caiboxyl-ftcc patent compound is known as ootlopliyllin, and 
has the composition C^II^N^g It is obvious that the oxygen atoms 
picsenlin the caiboxyl gioups have no pail in the fmmation of the 
metallic complex, fot which puiposc the mliogcn atoms alone aie 
available 1 he magnesium is thuofoic supposed to be united to 
nitiogen by principal and subsldiaty valencies, as indicated in the 
following foimula 



(' TT 
Bl 1 l SI 

Atiophyllm 


Under the influence of acids all phylhns lose magnesium to yield 
compounds known as porphyrins Except in the case of .etiophyllln, 
which contains no caiboxyl gioup, the lesulting pioducts me eaiboxylic 
acids with basic as well as acidic piopcities They ate distinguished 
by use of the piefix coiresponding to the phyllln fiom which they me 
deiivcd 

The behaviour of the phylhns lowatds acids thiows some light on 
the action of acids on a solution of chloiophyll itself. Under this 
tieatment the colour of the chloiophyll changes to olive-green and 
the fluoiesccnce diminishes The chloiophyll denvative so obtained is 
known as plmophylm As will be seen latei,this is a mlxtutc of the 
two closely 1 elated compounds, phaiophytin-rt and -b It contains no 
magnesium and is vciy easily picpaicd by dealing mule alcoholic 
chlorophyll solution with oxalic acid, when the phmophytin Is 
piecipilated almost quantitatively and in a piaclically puie condition 
In this mannei it may be Isolated in laige quantities m the laboialoiy 
from dried, finely giound leaves of the stinging nettle Phmophylin is 
a wax-like substance possessing weakly basic but no acidic piopcities 
In the colour of its solutions it is quite different fiom chloiophyll, but 
the resemblance reappeais as soon as a metal capable of entcnng 
into complex union is intioduced Into its molecule Foi example, 
chloiophyll-o: can be legeneiated fiom phacophytin-« by treating the 
latter with an excess of methyl magnesium iodide 
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On hydiolysis with alkalis phseophytin behaves as a wax, bieaking 
up into phytol, C 20 IT, 0 OH (see p 146), and acids of high molecular 
weight, containing mliogen and 34 caibon atoms A similai change 
is undergone by chloiophyll itself under the influence of alkalis, but in 
ncithci case is this the whole leaction Phaeophylm and chlorophyll 
both contain the giouping —COOCH 3 , which is also attacked on 
fuither hydrolysis In addition, the action of alkalis bungs about a 
peculiai transformation accompanied by a remaikable change of 
colout, passing tluough what has been termed the “brown phase’ 1 
This is probably due to complex structuial changes in the chlorophyll 
molecule 

Chlorophyll contains a constant quantity of phytol, conesponding 
to about J of the molecule, but aftei exti action from plants it was 
obsetved that the phytol content of the product was frequently low and 
in some cases fell to /eio A ptepaiation of low phytol content 
was found to be the best source foi the isolation of “ ciystallme 
chlorophyll,” discovered as eaily as 1881 by Boiodin This forms a 
mass of microscopic plates differing stiongly fiom ordinaiy or amorphous 
chlorophyll in appeal ance 1 

The connection between the low phytol content of chlorophyll 
prepaiations and the simultaneous foimation of ciystallme chlorophyll 
was explained by Willstattei in 1907 It was observed that the phytol 
content of many leaves was normal when they were rapidly extracted 
with alcohol, but that if the extract was allowed to stand in contact 
with the finely powdeied dried leaves, as is the case dining a piolongecl 
exti action, the phytol content was abnoimally low Now chloiophyll 
is accompanied in the gieen parts of the plant by an enzyme chloto- 
phyllase This is an cstetase and is able to bring about alcoholysis of 
the chloiophyll, with libeiation of phytol, which teadily dissolves in 
the alcohol used for exti action Crystalline chloiophyll is similar to 
oidmaiy chloiophyll in composition, but wheieas the latter is an ester 

/COOCII 8 , , t , 

of the acid chloiophylhde, [RMg]^ , with phytol, the foimei 

is an ester of this acid with the parliculai alcohol used for the 
extiaction In other woids, dmmg the cxtiaction piocess the phytyl 
group has been replaced by a methyl 01 ethyl group The enzyme 
chloiophyllase occurs widely distributed in plants, but in veiy vaiiable 
amounts It is used m quantity foi prepaialive puiposes From 


,COOCII 8 
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Chlorophyll 




COOC 2 IJ 0 


nlk ill 
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COOH 


Ftliyl chloiophyllido 


COOH 

Chlorophyllin 


(R contains caibon, hydiogen, oxygen and mtiogen ) 


1 WiUalaUer atui I3on/, Ann , 190^1 368, 267 
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either ficsh 01 clued leaves almost the whole of the chlorophyll may 
be isolated in the foim of the ethyl 01 methyl derivatives, known 
respectively as ethyl and methyl ohloropliyllicT.es On piolonged 
hydrolysis with alkalis these yield the fice carboxylic acid or chloio- 
phyllin 

A point of special intei esl is that the above process can be levetsed, 
chloiophyll having been built up fiom phytol and chlotophyllide under 
the catalytic influence of chloi ophyllase 

The nitrogenous carboxylic acids formed togethet with phytol by 
the hycholysis of phaaophytin ate colouied compounds and also possess 
basic piopeities Investigations at fiist led to the isolation of a laige 
number of these hycholysis products, which could be divided into two 
gioups the phytoohlorins, giving ohvc-gieen solutions in indifferent 
solvents, and the phytorhoclins giving a magnificent red colour 
Owing to then laige numbet, the individual compounds were 
distinguished by letters prefixed by the gioup name Finally, how¬ 
ever, two well-defined crystalline products weie obtained from 
phmophytin, viz, phytochlonn-e, CaJ-I^OgNj, and phytorhodi n-£, 


^ 81 ^ 32 ^ 6^1 

Phytochlorm e is a tricarboxylic acid, containing two free caiboxyl 
gioups and one present in a lactam grouping Phytothodm-% is a 
tetracarboxyhc acid, containing eithei two or three of these groups 
in the fiee state From the foimation of these two pioducts it is 
concluded that phmophytin, and hence also chlorophyll, is a mixture 
of two components, one of which yields phytochloun e as a degradation 
product and the other phytorhodin-^ 

Willstattei and his collaborators attacked the problem of separating 
this mixture of components by both physical and chemical methods 
A method used with chloiophyll solutions, crystalline chlorophyll, and 
phseophytin, takes advantage of the unequal distribution of the pigments 
between immiscible solvents, such as aqueous methyl alcohol and 
petroleum ethei, 01 m the case of the difficultly soluble phytol-free com¬ 
pounds by use of methyl alcohol and ether+light petroleum After 
numerous repetitions of this piocess,the two components were eventually 
isolated in the pure state This operation was successfully applied 
to chlorophyll, as well as to its magnesium-free derivatives Another 
method, which is only available foi the magnesium-free compounds, 
involves fractionation with hydrochloric acid (Willstatter and Mieg) 

Isolation of Chloiophyll and Separation into its Components —The 
isolation of chlorophyll, which was accomplished in 1911 by Willstatter 
and Hug, 1 is based on the coioiimetric estimation of its solutions 
and their systematic concentration by treatment with immiscible 
solvents In this manner it was possible to remove the colourless 
and yellow substances from the chloiophyll with which they are 


1 Willstatter and Hug, Ami , 1911, S 80 , 17? 
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found The chlorophyll content (8 to iG per cent) of the onginal 
exttacl could thus be laised to 70 per cent At a certain stage 
in the purification, the chloiophyll, although still readily soluble m 
a mixture of peti oleum ethci and alcohol, is no longer soluble in 
pure peti oleum ether On washing out the ethyl 01 methyl alcohol 
ftom such an extiact, the chloiophyll separates out and can be purified 
by solution in ether and lepiecipitation with peti oleum ether 

On the large scale, the staitmg matenal m the preparation of 
chloiophyll is usually the diy, powdeied leaves of the stinging nettle 1 
A layer of the finely ground leaves, about 2000 gins, is placed on 
a large stoneware filter and extiacted with 8g to 90 per cent alcohol, 
01 bcttei with 80 to 85 pet cent acetone The pigment is extracted 
almost quantitatively, a yield of about 13 gnu being obtained The 
method may also be applied to fiesh leaves 

While canying out this process for the isolation of chloiophyll, 
it was obscived that the two components divided themselves unequally 
between methyl alcohol and petroleum ether Systematic fractiona 
tion in this way finally led to the isolation of the components a and 
# in the homogeneous condition Chlorophyll-# is bluish gieen in 
colour and chlorophyll-# yellowish-gieen, but despite this diffeience 
the compounds are veiy similar in composition and tepiesent different 
stages of oxidation Piobably the ^-compounds aie derived fiom 
those of the #-seties by the replacement of two atoms of hydrogen 
by one of oxygen, as shown in the following formula! 



Chloi ophyll a, C BB H 72 O 0 NjMg 


(CsallsoON iMg 


COOCH b 

cooc 20 h b0 


or 


Chloiophyll b, C 56 H l0 O n N t Mg 


(C n2 H, B 0 2 N,Mg) 


,COOCII 8 

\cooc 20 H 3n 


lhis is in complete agieemenl with the difference in the composi¬ 
tions of phytochlorin-*? and phytoihodm-^, the formei of which is 
produced fiom chloiophyll-#, and the lattei ftom chloiophyll-# 

Owing to the high molecular weight of chloiophyll, the analytical 
evidence upon which these conclusions are based is somewhat uncertain, 
but additional support fot the above lelationship between the two 
components is given by othei experimental tesults 


Constitution of Chlorophyll 2 

In these pages it is only possible to deal with the more impoitant 
conclusions which have been leached legatding the constitution of 
chloiophyll, for fuithcr details lefctence should be made to the 
original work of Willstattei s It has been mentioned that, undei the 
influence of alkali, chloiophy \\-a and -# each give use to seveial series 

1 See WilhlTtter and Stoll, UtiUnuchungm ridet Chlmophyll t p 75 Willstatter and Isler, 
1 wt \ 1911, S80, , 1912,800, 269 n WiUstTllci, Bet , 19X4, 2856 
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of phylhns and poiphyrins (see p 778) The removal of the last 
carboxyl group in the phylhns and porphyrins is effected by heating 
them in small quantities with soda hme 1 In this manner the derivatives 
of chlorophylls yield the same cetiophylhn , CjuII^NjjMg, and cetiopot- 
phytin, C tt H 3a N 4 , as those of chloiophyll b These two degiadation 
pioducts aie crystalline compounds and possess the general piopetties 
of the phylhns and porphyrins already described 

The study of the constitution of chloiophyll may be simplified by 
first confining our attention to that of aotioporphyiin Information on 
this point can be gained fiom an examination of the oxidation and 
1 eduction pioducts of chlorophyll derivatives 

On oxidation, 2 phylloporphynn yields the same pioducts as were 
obtained by the degradation of the colounng matter of blood, vi? , 
methyl ethyl-malemumde, in more than one moleculai piopoilion, and 
a molecular proportion of hcemaUc acid (p 573) 

On reduction, 8 porphyrins yield hmnopyt 1 ole , which has also been 
isolated as a decomposition pioduct of the colouring mattei of blood 
Haemopyrrole is known to be a mixtuie of several components 
(see p 572) 

From these and othei facts it is concluded that setiopoiphyun is 
a tetrapyrrole, te it is built up fiom four pyirole nuclei The 
number of hydrogen atoms in the molecule is remarkably low, and 
the pyrrole nuclei must be united and substituted m such a mannei 
that they contain 8 hydiogen atoms less than if they were joined by 
single bonds This may be explained by assuming the existence of 
double bonds or of further ring closuie 

A remarkable series of reseatches on the porphynns and related 
compounds has been cained out within the last few yeais by Hans 
Fischer This has culminated in the synthesis of a numbci of 
compounds of this group, including Fetioporphynn and retiophyllin * 
The synthetic setioporphyrin proved identical with the pioduct from 

natural sources in its spectrum, crystallogiaphic foim and otliei 
properties 
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J Willst'itter ;uid M Fischer, Ann, 1913,400, 182 a Willstitter ind Y Asahini, An it , 
1910,8*78,227 8 Willst'itter-ind Y Asahina, Ann , 1911, 885, 188 4 II lischcrand 

IClarer, Ann , 1926, 448, 178 
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The pioblem of the constitution of these compounds became of 
still gieatei intciest when it was shown by Willstattei and H Fischei 
that the colouring mattei of blood could also be degraded to aitio- 
potphynn PLemm and chlorophyll can thus be convetted into a 
common decomposition pioduct, which is still closely 1 elated to the 
paient compounds For the conclusions aruved at by Willstattei 
rcgaiding the colounng matter of blood, refetence should be made to 
the onginal papei 1 The following points, however, may be noted 

Although chlorophyll and haimm can be refeired to the same basis, 
aetioporphyrin, Willstatter does not considei that this necessarily 
indicates a close constitutional connection between chloiophyll and 
hsenmn Chlorophyll contains magnesium, the colouring matter of 
blood, on the other hand, contains iron The former is an ester of 
phytol, but the latter is combined with the piotem globin Differences 
coiresponding to such dissimilai functions aie probably due to con¬ 
siderable diffeiences in the molecular constitution of the pigments, 
and these differences only disappear aftei far-reaching degtadation of 
the two molecules 


CHIEF DECOMPOSITION PRODUCTS OP CHLOROPHYLL 
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Note —In order to simplify the formulas in the above summary, the flime letter R has been 
used to represent a number of difTuent gioups of Ttoms coi responding to the u and b aeries 

1 Willstatter, Bn » 191^ 47 » 2863* 
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Oarotinoids 

The carotmoids, 01 yellow constituents accompanying the giecn 
coiouung mattei of leaver, are found associated with chloiophyll in 
the chloroplasts They are widely distributed in plants, and aie 
obtained as by-products in the piepaiation of chloiophyll 

All gieen leaves contain two nitrogen-free crystalline pigments, 
which possess many pioperties in common but may be sepaiated by 
taking advantage of then diffeient solubility in certain solvents One 
of these pigments is oavotene (caiotm), an unsatuiated hydrocarbon, 1 
C 40 I-I n0 , which is also piesent in the cairot and in buttei Accoiding 
to lecent researches it is intimately related to vitamin A, possibly 
being transfoimccl into the lattei in the body The other constituent, 
xantliophyll, C 10 H 60 O 2 , appeals fiom its piopeities to be an oxide of 
cai otene The hydiocatbon is compai atively soluble in petioleum 
ethei, whereas the oxygen compound is only soluble in alcohol 

A thud caiotinoid, fucoxanthin, C 10 H 6J O 0 , is piesent in biown 
algoe, in which it partly teplaces the othei two compounds In 
chemical pioperties it resembles carotene and xanthophyll, but differs 
in its basic chaiactei, due to the presence of oxygen in an ethei type 
of linkage 

Willstatter and Escher isolated lyoopene, an isomende of cai otene, 
ftom a commeicial extiact of the fiuil of the tomato plant 
{Lycopersicum csculentum ), and Willstatter obtained a compound, lutein, 
from the yolk of hens’ eggs The lattei was originally considcied 
to be an isomende of xanthophyll In all probability however, 
xanthophyll is itself a mixture of lsomerides, one of which is 
considered by Palmer 2 to be identical with lutem 

The constitution of these yellow pigments has not yet been completely determined 
Lycopene appeals to be an unsaturated compound of aliphatic type, since liydiogena 
tton converts it into the panffin, C 10 H S2 Carotene, on the othei hand, is believed to 
be a dicyclic derivative It contains n double bonds and on catalytic hydiogenation 
yields a hydiocubon C i0 H Ja Oxidation with cold permanganate conveits carotene 
into lononc, and it is therefore supposed to contain two lonone rings ® 

Comparative Investigation of Leaf Pigments —The investigation 
of the gteen coiouung matter of a large numbei of plants has shown 
that in each case the same chlorophyll, consisting of the two 
components a and b , was present The relative proportion of these two 
components also showed a gieat regularity, nearly thiee molecules of 
chlorophyll a conesponding to one of chlorophyll-^ The phaeophycem 
form an exception, the chlorophyll from this source containing a 
much smaller proportion of chlorophyll-^ 

1 L Zechmcisterj Ba , 1928, 01, 566, 1534, 2003 Pummeier and Rebnrum, tbtd^ p 1099 
R Kuhn 'uid A Winteisteinj Neb Chtm Acfa t 1928, 11, 427 ^ For further information on 

this debatable question, compare Cajofwotds and Related Pigments ^ Palmer (New \ ork, 1922) 

3 P ICarrerand co-wotkcrs, Helv Chtm Acla t 1929, 12, 1143 , I93°i 1 B| 1084 
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The moleculai piopoition of the gieen to the yellow pigments 
(p 776) was found to be appioximately constant at 3 i, and the 
piopoition of caiotcne to xanlhophyll about 06 1 

A kilogram of dried elder leaves (couesponding to about 4 kilos 
of fiesh leaves) was found to contain — 

848 gms chlotophyll, consisting of 622 gms chlorophyll-rs and 
2 26 gms chloi ophyll-^, 

1 48 gm carotinoids, consisting of o 55 gm carotene and 093 gin 
xanthophyll 

ANTHOOYANINS 1 

In this group are included the coloutmg matters of flowers and 
beities, which give use to the wondeiful variety of tints met with in 
the vegetable kingdom 

The extiacts ftom floweis, like the crude chlorophyll solutions 
obtained from leaves, contain the colounng matter admixed with highly 
complex substances of a colloidal nature, which lender the isolation of 
the somewhat unstable pigments a difficult pioblem In this case, 
however, the sepaiation can be accomplished by chemical methods 

The anthocyamns aic phenolic in chaiactei and form metallic salts, 
but attempts to isolate them in the form of then lead salts were 
unsuccessful, since precipitation by lead acetate is not sufficiently 
specific to bring about a separation fiom the othei pioducts present 
Anthocyamns, howevei, although containing no nitrogen, also 
possess well-marked basic properties by means of which it has been 
found possible to effect their punfication They combine with mineial 
and organic acids to give well-defined crystalline salts These salts 
aie of the oxonmm type, but they are less completely hydrolysed in 
solution than the salts of pytones (p 634) 

The compounds of anthocyamns with acids are red in colom, flee 
anthocyamns (which aie legarded as phenol-betaines) die violet, and 
the alkali salts are blue Many of the vanations in the colouts of 
floweis aie due to the occuuence of anthocyamns in these three states 
The coloui of anthocyamns fades in solution as the result of mtia- 
molcculai change The free coloui base liberated ftom the salts by 
hydiolytic dissociation becomes transfoimed into a caibtnol (pseudo¬ 
base), owing to the migration of a hydroxyl gioup fiom oxygen to 
caibon This change lccalls the foimalion of losamline from fuchsine 
The anthocyamns aie glucosides, which on heating with 20 per cent 
hydrochloiic acid aie tapidly and completely decomposed Into a sugar 
and the coriesponding colouied components, known as anthooyanidins 

1 bee rhtNaimalOt qamc Colounng Mallet by A G, Pciltin mtl A E Everest (I ongnvuis, 
Green & Co) WiIIbUiUoi, B«r, 1011 , 47 , 2865 , Ann, 1915,408, 1917,41a, ha , 1921,87, 
1938 R Robinson,/ C i> ,1022 1028 R Rolmisou mcl R Willstlttei, Bet , 1928, OX, 2503 
I> Knrret and co woikers, Ilelv C/tim Ada, 1927, 10 , 5 i 6? » 1928, 11 , 5*3 

3 D 
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Willstdttei and Eveiest showed that a tmxluio of anthwyanm and 
anthocyanidin could be scpaiated by shaking with a mixtuic of amyl 
alcohol and dilute acid The glucosidc is lclainul by the aqueous 
acid and the anthocyanidin passes quantitatively into the amyl alcohol 

Methods of Isolation —In many cases anthocyanins maybe isolated 
by extiacting the floweis, 01 the skins of the bet lies, with alcohol 01 
glacial acetic acid, followed by precipitation of the extinct with clhci 
and teciystallisation fiom hydiochlonc acid 

A second method consists in the precipitation of the anthocyanins 
in the foim of their sparingly soluble ciystalline piuatcs, a piocess 
which has also been used for isolating the vegetable alkaloids This 
method was fiist employed in the case of the colouimg mattei of the 
grape, and has since been successfully applied to the isolation of 
pigments of othei beiries and floweis Fiom giapc skins it is possible 
to obtain in a few minutes the fine led ciystals of the anthocyamn 
picrate, and these, on tieatment with a methyl alcoholic solution of 
hydiochlonc acicl, aie converted into the anthocyamn chloitdc 

Anthocyanins and Anthocyanidms —The fiist anthocyamn to be 

obtained m the foim of its ciystalline chlotide was cyanin, the pigment 

of the cornflower 1 In the blue flowei it is piescnt as the potassium 
salt 

The colouting mattei of the rose has also proved to be identical 
with cyanin For prepaialive purposes the lose is a bcttci stalling 
material than the cotnfiowei From the dned petals it is possible to 

obtain approximately I per cent of their weight as the ciystalline 
cyanm chloride 

On hydiolysis cyanm decomposes into oyanidin and two molecules 
of glucose 

The colouimg matter of the red whoillebeuy (Vacant tun vitis 
idtsd)) known as ideein, is also a derivative of cyanidin, being composed 
of one molecule of galactose with one of cyanidin 

Cyamdin has the composition C 1B II 10 O 0 , and its chlondc, C iB II u O 0 Cl 

The anthocyamn present in the scailct pelaigonmm is a dtglucositlc 
of the anthocyanidin pelavgonldiu, C 1B IT 10 O 6 , which contains one 
oxygen atom less than cyanidin 

The violet flowers of the delphinium (Delphinium consohda) contain 

the anthocyamn delphinin, which is of moie complex stiuctme On 

hydrolysis it decomposes into two molecules of glucose, two molecules 

of p hydroxy benzoic acid and one molecule of anthocyanidin The 

latter, which has been named delpMnidin, gives a chloride of the 

formula C^HyOyCl, and thus contains one atom of oxygen more than 
cyamdin 

Derivatives of delphinidin appear to be distributed in nature in 

1 Willatfttterand Everest*/^/, *913*401, I 
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floweis and fruit of a deep violet or blue colour Willstalter and his 
co-workers have isolated four othei anthocyanins, all of which aie 
derived fiom methyl ethers of delphmidin 

CEnin, the colouring matlei of the grape, crystallises well and is 
a monoglucoside CEniclin, the conesponding anthocyanidin, possesses 
the foimula C l7 II lt 0 7 On being wanned with hydnodic acid it loses 
two methyl groups and is conveited into delphmidin, of which it is 
thciefoie a dimethyl ether 

An isomenc dimethyl ether with a diffeient airangement of the 
methyl gioups is malvidin, the anthocyanidin of the wild mallow, 
in which it occuts in union with two molecules of glucose 

Myrtlllidm, a monomethyl elhei of delphmidin, has been obtained 
by hydrolysis of the two veiy similar anthocyanins occurring in the 
bilbei ry (Vacumum myrtillus, Linn) and the stock rose or black 
mallow {Althea io&ea ) The anthocyanins from these sources aie 
monoglucosides In this way the question as to the identity oi 
otherwise of the anthocyanins of led wine and of bilbeny has been 
solved These two compounds arc leadily distinguished by the 
intense violet coloiation pioduced on adding feme chloride to a 
solution of myrtillidin or its glucoside, 1 whereas no coloration 
is given by the anthocyanin of wine 

Glutlanin, an anthocyanin fiom blue gentian, has been shown to be 
a /-hydioxy-cinnamoyl-delphinidm monoglucoside a 

The quantities of anthocyanins picsent in the diffeient paits of 
plants vary within wide limits In the pelargonium and mallow, 
the pioporlion is as high as 6 5 to 7 5 pei cent of the dried floweis, 
in the bernes, howcvei, it is much lowei, amounting, foi example, 
to o 4 pei cent of the clued skins of the led whoitlebeny 

Constitution of the Antkooyauidlns 

The empmcal composition of the anthocyamdins suggests that 
they are closely allied to the yellow mordant colouimg matters so 
widely distnbuted in plants, and especially to the dye-stuffs of the 
flavone and flavonol senes, the stiucture of which has been established 
by the analytical investigations of A G Pei kin and othcis, and the 
syntheses of Koslanecki (see p 636) 

Cyamdin in its neutial state is isomeric with lutcolin and kam- 
pheiol pclargomdin is isomeue with apigemn and galangin and 
delphmidin with quercetin and raorin 

When anthocyamdins aie heated with alkalis they decompose to 
yield two atomalic chsinlegiation pioducts, one of which is a phenol 
and the othei a caiboxylic acid In this, as in many othei respects, 

1 The same coloration is also given by delphimdin itself 1 P Kirru* md R Widmcr, 
I/eh Chun Je/fft 1927, X0> 67 
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they lesemble the flavone derivatives, a fact which is of gieat lrnpoit- 
ance in the determination of then stiucture The methylated antho- 
cyamdins are more satisfactonly decomposed with hot dilute alkalis, 
thus avoiding demethylation 

The phenolic component isolated from the anthocyanidins so far 
investigated has always been identified as phloi oglucinol or its mono 
■methyl ethet The second decomposition product depends on the 
oxygen content of the original substance, eg, 

Pelargomdm, C 16 H 10 O h , gives ^-hydioxy-ben^oic acid , 

Cyamdin, C 1B H 10 O 0 , gives piotocatechuic acid, 

Delphinidin, C 15 H 10 O 7l gives gallic acid 

Of the methylated delphimdms, some give gallic acid and some the 
methyl ether of gallic acid 

The anthocyanidins are oxonium compounds derived fiom benzo- 
pyiyhum 1 The only structuial diffeience between the flavones and 
the anthocyanidins is that the formei aie pyiones whilst the lattei 
aie pyrylium deuvatives The strurtnial foimuhe assigned to a 
numbei of the anthocyanidins aie given below 
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1 Ben^o pyrylium wts first synthesised by Decker and Fcllenberg, Ann % 1907, 868, 281 
1908, 884, 1 2 Synthesised by W Bradley -ind R Robinson,./ C 1928, 1541 
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Ihe constitutional foimula which has been ascribed to cyamdin 
would suggest that the compound could be prepared fiom quercetin, 
and, in geneial, that the anthocyanidins could be obtained from the 
flavonols. This is leadily understood by comparing the above structure 
of cyamdm chlonde with the following formula for quercetin 



Quercetin 


By the i eduction of queicetm, Willstatter and Mallison 1 actually 
succeeded in obtaining a veiy small quantity of cyamdin 

The stnictuial foimulae assigned to these compounds has received 
furthci confitmation by a number of syntheses For example, pelai- 
gonidm has been synthesised by Willstatter and Zechmeister, 2 and 
moie lecently by Robinson and Piatt 8 

Ihe synthesis of Robinson and Piatt was carried out as follows — 

I II 


CII»0—f 


Oil CO 




OCH 




cno CH a ocii s 


ci 


OCII, 

HI 


cn„o 




\ 

c 


c ocri 

W 

CILO II 


a 


IY 


HCl 



OCII 


IIO 


Cl 

I c 



if 

C—OH 


HO 


I 

PI 


/ 


OH 


2-IIvdioxy-4 6 - dimethoxy - bcnzaldehyde (I) and co 4-dimethoxy- 
LclopIZne (II) wee condensed together ethereal solut.cn. the 

, r ^ C inrj A. 1. 10 G. 1081 Ibid ■ R Robinson and Pratt, / C S , 1924. 


1/ C S, 19141 A, 1, 10G, 1081 
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piesence of diy hychochlouc acid gas, lo give tctiamethyl-pLlaigomdin 
chlondc (III) The lattci was then demelhylated to pehugonidin 
chloude (IV) by boiling with hydi iodic acid m the piesencc of plu nol 
By applying similar methods to substances containing the glucose 
tesidue, A Robeitson and Robinson have succeeded m synthesising 
natuially occumng anthocyamns 1 


ENZYMES 

At the picsent time it is no easy task to give an exact definition of the 
word enzyme Pei haps the most satisfactoiy descnption is that of 
Biedig, who defines enzymes as catalytic substances winch aic 
claboiated by living oigamsms and aie indispensable foi the opciation 
of then chemical ptocesses This definition applies in the case of many 
enzymes, although Willstattei has leccntly again emphasised the fact 
that all enzymes cannot be classed as catalysts In gcncial a chemical 
process may be descnbcd as an enzyme leaclion when it piocccds moic 
lapidly undci the influence of a piepaialion obtained fiom living cells 
than without the addition of the active ptcpaialion, the icacitons bung 
otherwise earned out under similai conditions 

Foi example, ethyl butyrate in aqueous solution is aftci a definite 
time hydrolysed to a measurable extent If the solution is Ueatcd 
with a glycenne extract of the pancreas, the same degiee ofhydiolysis 
is attained in a much shortei time, although the addition of a boiled 
glycerine extiact does not matcnally influence the late of hydtolysis 
Consequently flesh pancreas extiact must contain an agent capable 
of gieatly increasing the velocity of hydiolysis, te an eslei-splitting 
en/yme Particulai importance is attached to the condition that an 
enzyme prepaiation must be flee from living cells Fiona this it 
follows that an enzyme is a lifeless physico-chemical system, the 
activity of which depends entuely on physico-chemical foiccs and 
which may thcicfore be investigated by putcly physico-chemical 
methods Although moic and more biochemical pioccsscs aic now 
being lecogmscd as enzyme reactions, in the majonty of individual 
metabolic changes the enzymatic chaiactei of the action has noL yet 
been proved The nonenzymatic changes of metabolism only piocced 
(within the narrow limits of temperature, acidity, etc, obtaining in the 
organism) under the influence of living cells As an example may be 
mentioned the deamination of amino-acids which occuis on a consider¬ 
able scale in living animals Although liver fleshly lemoved fiom the 
animal is capable, when aitificially supplied with blood, of liansformmg 
alanine into lactic acid, liver tissue which has been mechanically 

subdivided or subjected to extraction processes no longer exhibits 
this property 

1 A Robertson and R Robinson,/ C S , 1923 , 1460 
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Detection of Enzymes —Fiom the above definition of enzymes it 
follows that they can only be lecogmsed by means of their catalytic 
influence Neveitheless, during lecent yeats great progress has been 
made in out knowledge of individual enzymes O Wat burg has 
employed photochemical methods in studying the absoiption spectrum 
of a 1 cspiiatory fetment and thus demonstrated its close chemical 
idationship to hsematm These investigations have for the first time 
pci milted a glimpse into the slnicture of an enzyme 

In many enzyme teactions, the catalytic influence as measured by 
the velocity constant is laigcly pioportional to the quantity of added 
enzyme piepaiation This obseivation can hardly be mterpieted 
olhcivme than on the assumption that the enzymes themselves 
lcpicscnl substances, the lelative amount of which can undet ceitain 
conditions be measmed quantitatively by its catalytic activity 
Quantitative methods of estimating yields of enzymes play a 
considerable if)le m modem piepaiative chemistry They piovide a 
means of dclctmining the degtec of punly of a paiticular pieparation 
and foim the basis of analytical investigations of the piuified pioduct 
lho u suits obtained aie, however, somewhat limited since they only 
shmv that m the cases so far examined enzymes may be progressively 
fieed ftom all known compounds without losing their activity 

Piepaiation of Enzymes 1 —The first step in the prepaiation of an 
enzyme is to separate it flora living cells This stage can often be 
avoided if a biological fluid, especially an active secretion such as 
gnslitc oi intestinal juice, be employed as starting material, but owing 
to the tioublesome operations necessaiy foi the pioduction of pure 
secielions, this type of work is lestricted almost cntnely to the 
digestive juices, which contain few enzymes and these in the foim of 
a tnixlmc unsuiltd to exact investigation Nowadays reseaiches on 
the digestive juices rarely make use of the coitesponding secietion 
as stalling malcual, the sole possible method foi the piepaiation of 
those enzymes which induce a deep-seated decomposition of biological 
substances is the extraction of the finely divided oigan under considera¬ 
tion An lmpoitanl piocess is that due to E Buchner in which the 
cells aie disiupled by pulvensmg the oigan with quartz sand and 
ltieselguhi I he juice containing the ferments is then piessed out from 
the inixtuie under 300 atmospheies pressure This treatment does not 
meiely consist in the simple dismplion of the cell membranes, but in 
all probability complicated adsoiption piocesses come into play. 


1 Reference m ly be mule to the following woika W M Biyliw, The Nature of Enzyme 
Aetton (I migmms, In ecu & Co, 1925) C Oppcnhcimcr, Die /time, He und the IVtrAutigen 
(Sth edition, Ilnuno, I eip/ig, 1929) , t-Iso, lehthueh de> Enzyme (Tlneme, I9 2 7) H v Euler, 
(hunt, det h (J Hcrgnnnn, Mumch -ind Wiesbaden, 1922 27) E Wildschmidt Leitz, 
Dte J naynn, (I Vieweg, Binmmitk, 1926) A Fodor, Das Tetmentprohlem (SteinUopf, Dresden, 
Iyay) J 11 S ll ild'uic. Enzymes (Longmans, Green, 1930) 
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As is to be expected from the complexity of the biochemical 
reactions taking place in living otgamsms, the extiacts obtained in this 
mannei always consist of amixtuieof diffeicnt enzymes Fiom these 
exttacts attempts are then made to lemove imputities and other 
enzymes as completely as possible fiom the active substance, foi which 
purpose use is made of adsoiption, elution, salting out and other 
revelsible piocesses and dialysis, only mild experimental conditions 
being employed Stable diy ptepaiations may often be successfully 
prcpaied by piecipitation with alcohol or acetone and washing the 
piecipitate with ethei, although many enzymes lose much of then 
activity undei this treatment 

Specific Influence of Enzymes —The most notewoithy piopeity of an 
enzyme is the specific nature of its leactions, which is fiequenlly so 
strongly developed that the activity is exhibited solely tovvaids one 
paiticular substance, known as the substiate of the enzyme Extiemely 
small modifications in the moleculai stiuctuie of the substiate are 
sufficient to rendei it immune fiom attack The fact that asymmetuc 
substances in nature usually occui in the active and not in the racemic 
foims, finds one explanation in the pieferential action of synthetic 
and disruptive enzymes on one of the two active isomeiides of the 
asymmetuc compound Yeast, for example, is only able to feiment 
fiT-glucose, the laevoiotatoiy sugai is not attacked 

The mote catefully enzymes aie studied, the finer are the degiees of 
specificity discoveied, and the more ceitain becomes the conviction that 
many closely 1 elated leactions which have hitherto been ascubed to 
the catalytic activity of one and the same enzyme ate in teahly the 
tesult of seveial distinct enzymes The same powei of selectivity which 
cletei mines the most complex functions of the organism may also be 
liaced m the individual chemical piocesses of the living cell itself 
Hence enzyme chemistry is of fundamental impoitance for the study 
of life piocesses 

The specific charactei of the enzymes, the importance of which fot 
our knowledge of biological piocesses has been indicated above, has 
pioved of gicat seivice in chemistry and medicine Refeicnce may be 
made to the biochemical method foi the lesolution of laccmic compoxinds, 
to the use of enzymes in the classification of a- and /3-glucosidcs, and 
to the simple quantitative micro-chemical deteiminaUon of uiea by 
means of urease 

Propel ties of Ensymes —In a book of this kind space can only be 
found for a few general remaiks on the properties of enzymes Almost 
all the membeis of this class ate veiy sensitive towaids physical and 
chemical change Heating for a shoit time above 50° leads in most 
cases to destiuction, as does also tieatment with the stiongei alkalis, 
acids and salts of many of the heavy metals Above all, the optimum 
conditions of reactivity of enzymes aie subject to veiy sharp limitations, 
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as may be seen in the pronounced dependence of enzyme action upon 
acidity, which is so characteristic as to be employed foi dilfcientiating 
between closely ielated enzymes The optimum acidity foi almost all 
cn/ymes lies, like the icaction of most of the body fluids, not veiy fai 
from the neutial point An exception to this statement is found in 
the pepsmascs, including the protem-disi upting feiment of the gastnc 
juice which noimally exists m the picsence of hydiochlonc acid 
I< 01 the exercise of then specific influence many enzymes i equire 
activation by particulai compounds (activate s) which in some cases 
(ig amylase) may be simple salts, and in othcis [eg tiypsin, a piotem- 
splitting enzyme of the paneleas) aie lepiesenled by complex pioducts 
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*\ = ana portion, 649 
Abiettc aud, 474, 482 
rtf™'ll 1 cyclic, 528 

Aca catcchin, 457 
Ac ten catechu, 455 
Accept01 itom, 30 
Aumaphthenc, 533 
Acetal, 169, 176 
Acetaldehyde, 139,1 70 
detection of, 176 
Acetaldoximc, 172 
Acetals, 169 
Acetamuk, 203 

Acctamulmc hydtochlondc, 204 
Acetanilide, 383 
Acetates, 188 
Acetate silk, 321 
Acc lb 10111 amide, 160 
Acetbromomaltosc, 315 
Acctdimethylamide, 201 
Acetethyl umdc, 201 
Acetic iud, 186 
acidfiom xcetylenc, 187 
acid, stuicuuc of, 26 
anhydndc, 200 
fci mentation, 186 

Aictumno ethei hydiochlmule, 203 
Acctm, 747 
Aceto icelamhcle, 651 
Acetoacetic icid, 256 
estei, 256 

estei, hydiolysis of, 260 
estei, tautomemm of, 261 
ester, eqiulibiium mixture of two foims, 
263 

estei, use in synthesis, 258 261 
Aceto bromo glucose, 306 
Acetolysis, 317 
Acetone, 135,l 7 a 
Acetone cyanhydnn, 170 
Acetone dicaiboxyhc acid, 282, SB 4 , 689 
Acetone dioxabc estei, 631, 632 
Acetone, test for, 153 
Acetonitule, 184, 205 
Acetonyl acetone, 251 
Acetophenone, 434 
Aceto succmic estei, 239 
Acetoxime, 172, 1/8 
Acctoxy phenanthtaqiimoncs, 558 
Acetoxycthyl mcthylamme, 731 
Acetyl acetoacetic ester, 259 
Acetyl acetone, 250 
Acetyl chloride, 200 

Acetyl methyl morphol qumone, 55 b G6B 


Acetyl nitrate, 200 
/3 Acetyl piopiomc acid, 264 
Acetyl salicylic acid, 4 yj 
Acetyl thebaol, 655 , 73 1 
Acetyl thebaol qumone, 558 
Acetylene, 117 
aldehyde fiom, 118 
Acetylene tlicaiboxyhc acid, 275 
Acetylene diclilondc, 125 
Acetylene hydiocaibcms, 11O 
tetmchloude, 124 
Act compounds, 156 
Acid amides, 20 r 
anhydrides, 200 
azides, 204 
chlondes, 199 

chlondts, citalytic leduction of, 167 

estei s, 147 

Fuchsinc, 504 

hydiazides, 20 \ 

ladicals, 182 

Aud stiength ind substitution, 82, 86 
Acomtic acid, a7G, 282 
Acoin sugai, 462 
Acridine, 661 
yellow, 662 
Acudimc acid, 662 
9 Acridone, 661 
Aciolem, 177 

Aciolein anilme, 650 
a Aciose, 244, 2 D 3 , 302 
Acryl hydrazmc, 608 
Acrylic acid, 194 
aldehyde, 177 

Active amyl alcohol, 142, 148 
Acyl gioups, 182 

Adamliewtax Hopkins reaction, 764 

Additive leactions of olefines, 109 

Adenine, 880 , 8 i 5 , 770 

Adenylic acid, 772 

Adipic acid, 272 , 530 

Adjective dyeing, 404 

Adonitol, 246 

Adrenaline, 671 

Aesculetm, 450 

Acsculm, 450 

TEtiophylhn, 778 , 782, 783 

TEtioporphyrm, 575, 782 , 783 

Aggiegation, state of, 75 

Airol; 451 

Alanine, 218 

d Alanine, 218 

A 1 myl anhytlnde, 43 

d Ahnyl glycine, 769 
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Alanyl-glycme anhydride, 774 
d Alanyl glycyl l tyi osme, 769 
d Alanyl / leucine, 223 
Alanyl leucine anhydnde, 774 
Alanyl phenylaluune anhydnde, 774 
Albuminates 757, 767 
Albuminoids, 765 *768 
Albumins, 765, 766 
Aibmnoid, 765 

Albumoses, 221, 222, 223, 224 
Alcohol, 135 
detection of, 141 
from sulphite liquoi, 140 
from wood, 140 
structuie of, 26 
Alcoholates, 132, 289 
Alcoholic feimentation, 136 340 
theory of, 138, 139 
Alcohols, aliphatic, 129 
ammo , 238 240 
aromatic, 428 

distinction between pi mini y, secondary, 
and teiuaty, 130, 133 
polyhydne, 235 

^/-Alcohols, lesoiution of, 41 , 143 
Alcoholysis, 198, 779 
Aldehyde ammonia, 169 , 639 
Aldehyde cyanhydrm, 170 
phenyl hychazone, 172 
lesms, 171 

Aldehydes, aliphatic, 165 
ai om itic, 429 
detection of, 174 
identification of, 172 
leaciions of, 168 174 
Aid ehy dine, 642 
Aldehydmes, 387 
Aldmes, 739 

Aldoliexoses, table of configurations, 301 
A ldo mimes, 432 
Aldol, 171 

condensation, 171 
Aidoses, 287 et seq 

degiadation and synthesis of, 291 
tiansforimtion into ketoses, 290 
Aid oximes, stereoisomerism of, 57, 58, 

59 t 43i 

Aletnitic acid, 229 
Aleut one giams, 759 
Algol blue 3 G, 545 
gieen G, S 45 

Alicychc compounds, 349 
hydrogenation, 528 
Aliphatic compound*, 18, 98 
Alizarin, 540 
acid dyes, 544 
blue, 543 
blue S, 543 
Bordeaux, 544 
brown, 543 
cyanine, 544 

mdustml preparation of, 541 
^lakes,’* 542 


Aluann, orange, 543 
Alkali blue, 506 
cyanides, 823 , 329 
Alkaloid reagents, 964 , 763 
Alkaloids, 41, 608 
classification of, 668 
exhaustive methylation of, 667 
methods of detei mining the constitution 
of, 665 

oxidation of, 667 
preparation fiom plants, 664 
synthesis in plants, 690 
Alkamines, 238 
Alktnes, 641 
Alkyl benzenes, 369 
Alkyl cyanides, 205 
groups, 99 

groups and ring foimalion, 68 
halides, 119 

hydiogen sulphates, no, 147 
Alkyl liydia7ines, 164 
Alkyl-hydroxylammes, 164 
Alkyl isoxazoles, 624 
Alkyl piperidine oxides, 647 
Alkyl pynoles, C-, 570 
Alkyl pynoles, N , 569 
Alkyl sulphides, 152 
Alkyl sulphuric acids, 147 
Alky lated sugars, 299, 300 
Alkylation, 121, 148, 159 
intiamoleculai, 682 
Alkylene diamines, 240 
Alkylidene acetoacetic esters, 639 
Alkyls, metallic, 126 129 
Allan torn, 340 

Allelotropic mixtuie, 64, 285 
Aliene, 115 

deuvahves, isomensm of, 42, 51 
Alloctnnamic acid, 441 
Allose, 301 
Alloxan, 340, 342 
Alloxantin, 340 
Allyl alcohol, 144 
disulphide, 153 
iodide, 126 

kairohmum iodide, 54 
mustard oil, 328 
« Allyl pyndinc, 641 , 674 
a Allyl pynole, 571 
Allylenes, 115 
Almond oil, 195 
Aloes, 546 
AI0111, 546 
Alphacyl, 97 

Alphaiiyl, 97 
Alphyl, 97 * 99 

Alternating axis of symmetiy, 44 
Altrose, 301 

Aluminium carbide, 101 
Alum tanning, 457 
Amber, 270 
Ambrettolide, 231 
Amidmes, 203 
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Amidine system, tautomer ism m, 65, 70 
Arrndo chlorides, 203 
Amido linidol system, 65, 70 
Amidol, 417 
Amine oxides, 387 
isomensm of, 56 
sliucture of, 30 
Amines, diphitiL, 157 

conversion into alcohols by yeast, 161 
distinction between primaiy, secondary, 
and tertnty, 161, 162 
prep nation of pine pnniaiy, 445 
AmmcSj primai y nomatic, 380 

second 11 y and teiti try aiomatic, 385 
Amino acet ddelrydc, 317 , 739 
Ammo acetic acid, 216 
Ammo acid chlorides, 214, 222 
Ammo acids, 210 

fei mentation of, 143, 214, 215 
fmmol utrition method, 213 
Ammo acids, a, y, behavioui of, 215 
Ammo ickIs, isolation and idenbfic ition 
of, 213, 214 

a Ammo icids, preptralion of puic, zii 
7 Amino acids, lesolution of, 213 
Ammo alcohols, 213, 238 
Ammo an tin xqumone sitlphomc aculs, 

539 

Ammo anthraqumones, GflO, 545 
Amino apoqumene, 709 
Amino a/obuizenc, 401 
Ammo azo compounds, 401 
0 Ammo izotoluene, 401 
Ammo benzildehydes, 432 
Amino benzene sulplionic acids, 407 
p Ammo benzoic ac id, diethylammo 
ethyl ester of, 439 
Ammo benzoic acids, 438 
o Ammo benzyl methyl ketone, 590 
0 Ammo bcnzoylfoimic acid, 595 
o Ammo chlmo styiole, 589 
o Ammo cmnamic acid, 655 
p Ammo dimethylanilme, 386 
Ammo diphenyl, 391 
0 Ammo diphenyUunme, ( 5 o 6 
Ammo diplienyiben/ene, 489 
Ammo ethyl alcohol, 238 
Ammo ethyl ether, 238 
Ammo ethyl glyoxalme, 669 
Amino ethyl suiphonic acid, 241 
a Ammo glutanc acid, 283 
Ammo guanidine, 334 
a Ammo 5 guanido vaienc acid, 220 
Ammo hydro phenanthraqumones, 558 
Ammo hydroxy anthiaqumoncs, 544 
a Amino f$ hydioxy glutauc acid, 283 
Amino hydroxy phenylaisme oxide, 4 11 
a Amino fi hydioxy propionic acid, 232 
3 Amino mda/ole, 751 
ct Ammo isobutyi acetic acid, 218 
0 Ammo mandehc acid, 595 
4' Ammo 4 methyl diphenyl sulphoxtde, 
61 


a-Ammo naphthalene, 519, 628 
Ammo naphthol, 531 
1 Ammo 8 n iphthol 3 6 disulphonicacid, 
526 

1 Ammo 2 naphthol 6 suiphonic acid, 528 
Ammo mtnles, 210 
fi Ammo 71 octoic aldehyde, 673 
Ammo phen inthraquinoncs, 558 
Ammo phcnanthiencs, 551 
Ammo phen wines, 742 
Ammo phenols, 416 
Ammo phenthiazme, 749 
0 Ammo phenylacetic acid, 594, 598 
p Ammo phenylai sonic acid, 408 
1 Ami nophenyl 3 methyl pyi azole, 613 
« Amino ptopiomc acid, 218 

Ammo pm me, 339 » 345 

Amino pyia?olc, 611 

Amino pyudmes 641, Q 48 

Ammo pyrimidines, 737 

fi Ammo sUlbene, 512 

Ammo succmic acid, 282 

Amino sugus, sos, 804 , 773 

p Ammo tetiaphuiyl meth me, $ri 

Ammo tetiazoic, 629 

Ammo thmoles, 625 

0 Ammo thiophenols, 625 

5 Ammo valcialddiydc, 646 

5 Ammo 71 vaienc aud, 219 

Amimncs, metallic, 422 

Ammonium caibamate, 331 

Ammonium compounds, space foimulae 

Toi, 53, 54 

pic i ate, 416 
salts, lesolution of, 52 
thiocyanate, 327 
Amplu naphthaqiunone, 532 
Ampholytes, 758 
Amphotcnc electrolytes 634, 758 
Amygd ilm, 306, 822, 430, 440 
Amyl, 99 
icetate, 199 
d Amyl alcohol, 143 
Amyl alcohols, 37, 139 ,142 
Amylamme, 91 
Amylase, 793 
Amylases, 313 
Amyl m cicsol, 413 
Amylene hydrate, 144 
Amylene oxide structure for sugars, 298 
300 

Amylencs, 114, 144 
Amyl nitrite, 148 
Amyloid, 765, 770 
AmylopecUn, 313, 314 
Amy lose, 313, 3*4 
Amyl sulplumc acids, 143 
Ainylum, 312 

Anaesthetics, local, 439, 700, 702 
AnaLysis, 3, 9 

-position, 649 
Anethole, 433 
Angelic acid, 5° 
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Anhalainme, 671 
Anhalme, 671 
Anhalomdine, 671 
Anhalonmc, 671 

Anhydio bts dike to hydnndene, 531 
ccgomne, 602 , 694 
fonnaldchydc aniline, 600 
maltose, 315 
Anilides, 383 
Aniline, 381 
bl ick, 383, 747 
blue, 506 
o\ul U1011 of, 382 
oxides, isomensm of, 56 
salts of, 383 

Anil of icetoacelic estei, 651, 652 
Amis, 3S3 

Animal cellulose, 312 
staich, 314 
Amsaldehyde, 433 
Anisic acid, 58, 448 
Amsidine, 58, 416 
Amsole, 414 
Anthocyanidms, 785 
constitution of, 7S7 
Anthocyanms, 785 
isolation of, 786 
Anthocyanms, salts of, 785 
Anthiaccne, 534 
blue, 544 
brown, 343 
oil, 369 

peihydnde, 536 

piciate, 535 
sulphomc icids, 536 
Antluagalloi, 543 
Anlhrahydroqumonc, 536 

Anthramlj 439 
Anthtamlic acid, 438 
Antliramhdo acetic p sulphomc acid, 604 
Anthianol, 536, 688 
Anthrapuipurm, 542, 618 
Anthraquinolme, 659 
Anthiaqumone, 534 , 630 
test for, 538 

Anthraqumone disulphonic acids, 539 
Anthraqumone oxime, 537 
Anthraqumone sulphomc acids, 539 
Anthiazine, 741 
a-Anthiol, 539 
Anti aldoximes, 57, 58 
Anti diazohyd rates 396, 397 
Antifebrm, 383 
Antipyrmc, 618 
pseudo meihtodide, 61S 
Antipyrines, 617 
Apigcmn, 686 , 787 
Apun, 636 
Apoatropme, 696 
Apocmchene, 709 
Apomorphme, 727* 
dimethyl ether, 736 
Apoqumeyie, 709 


Apoquimne, 705 
Aporphme alkaloids, 725 
Aposafianme, 745 
Arabinose, 291,286 
Atabmosimmc, 304 
Arabitol, 246, 295 
Aiabomc acid, 295 
Atachic acid, 192 
Aieca catechu, 455 
Aiginase, 220 
Arginine, 220, 768 
Aigimne phosphonc acid, 335 
Algol, 279 

Armstrong's centric foimula for benzene, 
35 6 

Aiomauc compounds, 18, 356 

mteiconveision of aliphatic and, 365 
properties of, 361, 364 
Aiomatic hydrogenation, 529 
nuclei, condensation of, 560 
Arsamhc acids, 408 
Aiscnation, 408 

Aisemc compounds, aiomatic, 407 
Arseno benzene derivatives, 409 
Arson ic acids, primaly aiomatic, 408 
Aitificinl silk, 320 
Aspaiagtne, 282 
Aspattic acid, 37, 283 
Asphalt, 107 
Aspirin, 447 

Asymmetuc caibon atom, 32, 33 
Asymmctuc catalytic racemisation, 39 
Asymmetric decomposition, 47 
Asymmetric induction, 46 
Asymmetuc synthesis, 39, 46 
Asymmetiy and crystal foim, 33, 40 
Atomic nucleus, 27 
Atomic number, 27 
Atomic lefraction, 87 
Atophane, 657 
Atoxyl, 407 

Atiolactic acid, 38, 46, 697 
Atropamme, 6 p 5 > 696 
Atropic acid, 442 , 696, 607 
Atropine, 695 
sulphate, 696 
synthesis ol, 697 
Aui me, 507 

Auto lacemisation, 37, 53, 280 
Auxoclnome, 73, 74, 403 
Avertm, 141 

Axial rotation, inhibition of, 45? 5 ° 

Azelatc acid, 195, 273 
a Azidopiopxomc dimethylamide, 48 
Azmes, 736 

Azobenzene, 73, 377, 378, 891 
Azocarmine, 746 
Azo compounds, 390 
Azo dyes, 400 , 527 
structure of, 402 

Azo hydrazone system, tautoineiism in, 
72 

Azoles, 562, 606 
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A/ophemne, 382, *743 
A/oxme dyes, 747 
A/oxybenzenc, 382, 300 
A/o\y compounds, 390 
pai aclioi of, 81 
stiuctiuc, 8r, 390 

$ Azoxy stilbenc chsulphomc acid, 512 
Azulrmc icid, 322 

Baeyet*$ peimanganate test, 112 
sti uu theoiy, 22, 90, S 49 
Bakehles, 176, 584 
Balsams, Petu in cl loin, 37 441 
Baibitunc acid, 337 
Bliley sugrr, 309 
Bases, sticngth of, 82 
Basicity, determination of, 82 
Beckmann lcaiinngemurt, 68, 60 , 173 
Beeswax, r }4, 192 
Beet mol isscs, 163 
Hellenic acid, 192 
Belladonnme, G98 
Bengal t itechu, 455 
Benzal chloude, 375 
Bcnzaldchyde, 430 
union with IICN, 47 
Benz rldoximes, 431 
isomeusm of, 57, 481 
Ben/amide, 437 
Ben/az/^aldoxime, 481 
Benzazumdc, 751 
Benzene, 366 

constitution of, 860 , 615 
derivatives, isomerism of, 359 
d wo amide, 397 
dwoimide, 396 
diazomum chloude, 393 
diazonium hydrates, 394 
chsulphomc icids, 406 
hcxichlonde, 461 
liomologuos, 369 
molecular lefi action of, 87 
substitution m, 361, 362 
substitution pioducts of, 359 
sulphomc acid, 406 
sulphomc chloride, 162 
tnozonido, 367 
Benzhydiol, 434 
Benzidine, 487 
sulphomc acids, 487 
transformation^ 392 
Benzil, 614 , 549 
oximes, 58, 59) 614 
Bemihc acid, 515 
Benziminazole, 623 
Benzine, 105, 106 
Benzo dmznies, 739 
Benzoflavnie, 662 
Benzofurfmane senes, 585 
Benzoic aud, 436 
Benzoin, 5x3 

racemisation of active, 39 
Bemomtrile, 438 


Bcnzophenone, 484 , 490 
Benzo pmpunnes, 487 
-pyr>hum, 788 
pyrone, 635 
Benzoqumone, 421 
o Ben/oqiunnne, 421 
Benzo Una/oles, 625 
Benzotrichlondc, 375 
Ben7oxazolcs, 416, 626 
Ben/oyl acetic estci, 258 
ammo acids, 213 

Bcn/oylammo hexahydro phenyl pro 
ptomc acid 658 

Benzoyl S imino \alenc acid, 646 
o Benzoyl benzoic acid, 536 
Benzoyl chloride, 437 
ccgomne, 700, 701 
fotmic acid, 440 
glyoxalme, 622 
pci oxide, 437 
oxdntliraiiyIs, 538 
piperidine, 647 
thebaol, 555 
tyiosine, 448 
Bonzjyznldoxime, 431 
Ben/yl alcohol, 428 
Benzylamine, 384 
Benzytammo acetaldehyde, 659 
Benzyl chloude, 375 
Benzylidene ammo acetal, 659 
aniline, 383, 431 
ethyl amine, 660 
fluoiene, 491 
indene, 534 

Benzyl phen>l allyl methyl ammonium 
salts, 53 

Benzyl phenyl ketone, 514 
Benzyl violet, 505 
Berberme, 716 
Betgius process, 106 
Betaine, 218 

formula for ammo acids, 213 
Betol, 447 
Bile acids, 234, 486 
Bilineuiine, 239 
Bihrubic acid, 574 
Biluubm, 574 
Btndschedicts gieen, 425 
Biochemical method of iesolution, 40 
Biochemical teduction, 151 
Bioscs, 2S7, S 94 
Bisabolene, 481, 482 
Bis hexahydio tetrazme, 753 
Bis hydioxymethylene acetone, 632 
Bismarck brown, 405 
blown leiction, 387 
Bitter almond oil, 430 
Biuret, 333 
reaction, 224 , 763 
Blasting gelatine, 245 
Blood, colour mg matter of, 571 et seq 
Boil mg point, /6 
Boiling points of isomeis, 78 
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Bombay catechu, 455 
Bone, artifici il, 767 
Bone tar, 566 
Bordeaux B, 527 
Borneo], 475, 477 
Boinyl ckloiidc, 474, 4/ft 
Bornylcnc, 476 
Brandy, 136 
Biazilm, 630 
Brilli mt giten, 502 
/3-Biomo uhpic acid, 582 
3-litomo ali/ium, 542 
3-Biomo all/ irm qumonc, 542 
liiomo antliitU|uinones, 538, 540 
Biomo benzene, 375 
Biomo butyi ic acid, 207 
Bromo tiU nonimidc, 573, 574 
a Biomo comnatm, 585 
Biomo (oummonc^ 586 
cyclohexane, 401 
diphemr acids, 55R 
dtuluopoiphyrm, 574 
ct Biomoelhyl n iphlhnlene, 533 
Biomofmm, 124 
Biomo got gome acid, 769 
Btomo hex imcthyleiiL, 461 
Bioinoliydinib, 237 
Bromo hydrocaoulrhotu, 355 
9 Biomo 10 nitm phon inUuciu, 551 
Biomo mtioso compounds, 153 
Btomo phcinnlhmqumoncs, 558 
9 Bromo plu inmtluuic, 549 
a Bromo piopionic, acul, 20/ 

Btomo piopyl nialomc estm, 580 
Biomo quimt me, 7 >3 
Biomo-subBilled auds, 207 
Biomo-sucf mu acids, 271 
Biomo tUiahydio-naphlhalenes, 523 

3 Biomo tiopanc, 687 

4 Biomotiopanc - methyl ammonium 

biomiile, O87 
Brucine, 714 
Buchu cam phot, 472 
lUdbot npnmc, 725 
Butadiene, 1T 5 

addition ofbiominc, 24 
Butadienes, icactivity of, 11 0 , 365 
n Butane, 19 
Butenes, 114 

A 1 Butcnyl dimethyl mime, 578 
Butyl alcoholb, 142 
Butylene, 113 
Butyi 10 ncidj 137, l £30 
oxidation m oigatmm, 183 
Butyric fetmentation, 188 
Butyrin, 188 
ButyioUctone, 226, 280 
Butyiyl butyric acid, 673 

Caclalcne, 481, 482 
Cftdavenne, 220, 241 
Cadavenne, oiigm of, 219 
Ciidmcnc, 481, 482 


CniTeic acid, 450 
( ififeme, 218, 818 
( alcium carbide, 117 
cyan amide, 329 
suciates, 309 
Calone, laigc, 94 
L implmne, 476 
C dinplmnic acid, 478 
Camphcnc, 475 
L imphohde, 480 
Camphoi, 477 

art diem 474 
Borneo, 477 

1 mliisti ml prcpaiation of, 480 
oxime, 479 
synthesis of, 479 
t nmplior qumonc, 479 
Cam|)honc acid, 478,170 
aniiydnde, 480 
C amphoiomc acid, S 7 Q, 478 
Gamphois, 464 
Cane sujpi, 308 
111vci sion of, 309 
technical pieparation of, 308 
Camnstmto reaction, I 75 i iSO, 430 
Caoutchouc, 353 
constitution of, 354 
hydiobiomidc, 355 
ozonute of, 354 
synthesis of, 353 
vulcanisation of, 353 
t ipu Blue, 748 
( apiokol, 351, 418 
7 Capi olactone, 231 
t aiamcl, 309 
Caiane, 473, 481 
t tubamalos, 331 
Caibamide, 332 
Caibammob, 205 
Caibamhde, 384 
Cmba/ole, 534 ) ^06 
Caibimide, 62 
Caibinol, 135 
Gatbmols, 131 
Caibitliionic acid, 200 
a Carbo cinchomeionic acid, 717 
Cm bo cyanine dyes, 654 
Carbocychc compounds, 18, 847 
Caibohydiates, classification of, 286 
Gaibolic oil, 368 
Ctubomethoxy denvativcs, 452 
Caibon, basic propeities of, 495 
detection of 3 

dioxide, assimilation by plants, 174 
dioxide, conversion into sugais, 174 
disulphide, 336 
divalent, 16 
estimation of, 5 
liexachlonde, 125 
monoxide hemoglobin, 773 
oxysulphide, 328, 885 
stereochemistiy of, 32 
suboxide, 179, 268 
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Carbon subsulphide, 335 
tetiaclilonde, 124 
tnvalency of, 508, 510, 538 
Carbonic acid, estets of, 330 
Carbonium salts, 495, 496 
Caibonyl chlonde, 123, 880 
Caibonyl oxime, 330 
Caibostyul, 655 

Carboxy hncmatic acid, 573, 574 
a Cat boxy hydiocmnamic acid, 530 
C uboxylase, 139 
Caiboxyhc acids, aliphatic, 181 
aiomatic, 435 

m Carboxyphenyl methyl sulphoxide, 61 
Canus detetmmalion, 7, 8 
Caiencs, 473 
Caimmic acid, 531 
Cainauba wax, 192 
Caionp, 481 
Carotene, 776, 784 , 785 
Caiotin See Caiolcne 
Caiotinmds, 784 
Can an ay oil, 471 
Caivaciol, 413, 414 , 171 
C \i vomenthol, 471 
Caivone, 414, 471 
Casern, 319, 758, 767 
Caseinogen, 223, 764, 766 
Catalytic hydiogenation, 109 
leictions, 128 

reduction of unsatuiated fats, 193 
Catechms, 455 
Catechol, 417 
Catechu, 455 
C itechutanmc acid, 457 
Cedi iret, 488 
Celiobiose, 317 
Gellon, 319 
Ccllosc, 317 
Celluloid, 319 
Cellulose, 312, 815 
aceto sulphates, 316 
acetyl denvatives, 316 
acid tusulphate, 316 
amm il, 312 
hydiated, 316 
hydiolysis by acids, 317 
mtiates, 319 
xanthates, 318 
Ccntie of symmetiy, 43 
Centnc foimula for benzene, 356 
Cephalein, 723 
Ceresme, 107 
Ceiotic acul, 192 
Cetyl alcohol, 144 , 189 
Chain isomerism, 19, 71 
Chalkone, hydioxy , 635 
Cheirolmj 329 
Chelidomc acid, 631 
Chinese tanmn, 454 
Churn, 303 
Clntosamine, 303 
Chloi aceto catechol, 671 


Chloral, 123 ,176 
hydiate, 177 
Cliloraml, 421 

Chlondes of ammo acids, 214 
Chlonnc carriers, 120 
Chlorine, detection of, 4 
Chloi int substituted acids, 206 
Chioio acetic acid, 82, 208 
Chloi 0 anthiaqumones, 540 
Chlorobenzene, 375 
Chloiobenzoic acids, 438 
5 Chloio biitylamme, 577 
Chioio caibomc esttis, 331 
Chloiocodide, 727 
Chloro coumaione, 586 
Chloioform, 122 
Clilorofoim, test for, 123 
Chloro fonmc esters, 331 
Chloro hexamcthylcne, |6r 
§ Chioio liydratiopic acid, 697 
Chlorohythins, no, 237 
Chioio mdazole, 620 
isatm, 603 
methane, 122 
a-Chlmo naphthalene, 524 
ft Chioio naphthalene, 524 
Chioio nitroso ethane, 154 
Cliloiophyll, 146, 5/5, 776 
constitution of, 781 
crystalline, 779 

sepaiation into components, 780 
table of degradation pioducts, 783 
Cliloiophyll a 776 , 781 , 782, 783 
Chloi ophy 11 //, 770 , 781 , 782, 783 
Chlorophylhse, 779 
ChlorophyHides, 779, 780 
Chloiophyllins, 777 , 779 
Chlotopicim, 128 , 330 
Chloiopiopyl tmhiie, 635 
-phenol, 635 
p Chloro pyndine, 568 
Chioio pyiuhnes, 641 
p Chioio qumalchnc, 591 
4 Chioio qtimolmc, 655 
Chioio succinic acids, 278 
Chioio toluenes, 375 
Cholanic acid, 486 
Cholesterol, 484 
Cholic acid, 485 
Cholme, 192, 280 
Cbondroitin sulphuuc acid, 774 
Chondiomucoid, 774 
Cliondiopiotems, 774 
Chondiosamuic, 774 
Chondiosm, 774 
Chromane, 634 
Ciuome tanning, 457 
Chiomogenes, 74 
Chromo isomensm, 640 
Chromone, 635 

Chiomone carboxylic acid, 635 
Chromophores, 78 , 74, 403 
Chiomoprotems, 765 



816 


INDEX OF SUBIEC1S 


Clnomoirope dyes, 527 
Clnomotiopic acid, 527 
Ghtysamincs, 488 
Chrys miline, 662 
Chiysene, 534, 659 
Chi ysin, 636 
CI11 y sold me t 405 
Chrysoldines, 387 
Cinchene! 708, 709 
Cimholoipon, 710 
Cincholoipomc acid, 710 
Cmcliomuomc acid, 646 , 659 
Cinchona alkaloids, 704 
Cinchona bailt, 70 \ 

Cinchona toxincs, 656, 712 
Cinchonic icid, 645 
Ci n chon id me, /12 
Cinchonine, 704 
constitution of, 712 
Cinchommc acid, 666, 706 
Cmchonmone, 711 
CmchotcnniL, 707, 708 
Cinchotmc, 714 
Cmchotoxine, 712 
Cincol, 469 
Cinnamic acid, 441 

acids, isomuisin of, 441 
Cinnamic aldehyde, 433 
Cinnamon, oil of, 433 
Cmnimyl alcohol, 429 
Cinnamyl cocaine, 699, 703 
Cmnamyl 1 dene lnppiuic acid, 520 
indene, 534 

Cinnamyl pyiuvic acid, 520 
Cmnohnes, 740 
Cucular dicluoism, 47 
Ci r foi ms, 49, 50 
Citracomc acid, 273 
Citraconunide, 573, 574 
Citial, 145, 178 
Cituc acid, 281 
acid, synthesis of, 281 
Citronella oil, 145 
Curonellol, 145 
Civetone, 351, 862 
Clmscn condensation, 250 257 
Clottmg of proteins, 766, 767 
Clupeme, 768 

Coagulation of pi oleins, 756 
Coal, diy distillation of, 367 
gas, 367 

low temperature distillation of, 101,106, 
868 

tar, 368 
Cocaine, 700 
a Cocaine, 694 , 700 
d $ Cocaine, 700 

Cocaine, conversion into atropine, 690 
substitutes, 702 
Cochineal, 531 
Codeine, 552, 720 
formula for, 734 
methobromide, 727 


Codemone, 728 
Coerulun, 445 
Coeruhgnon, 48S 
Golchtceme, 736 
Colchicine, 550, 786 
Collagen, 765, 70 S 
Collidine, 639 

Collidine dicarboxylic estei, 639 
Collidines, 642 
Collodion, 319 
silk, 321 

Colloid il metals as catalysts, x6y 
Colophomum, 474 
Coloui of organic compounds, 72 
Coloui and constitution, 73 
Comamc acid, 631 
Combustion, heat of, 94 
of organic compounds, 5 
Comemc acid, 631 
Compensation, external, 34, 37 
Compensation, internal, 36 
Complete synthesis, 102 
Conch mine, 712 
Conchiolm^ 765, 77 o 
Condensation, 171 
aldol, 171 

of aiomatic nuclei, 560 
Conductivity, electrical, 81 
Configmation, 31 

Configuialion and physiological activity, 
40, 280, 282, 681 

Configmation of aldohcxoses, 301 
of geometucal isomendes, 58, 274 
Congo icd, 406 , 528 
Conhydnne, 675 
y Goniceine, 675 
Coniine, 9 r, 672 

exhaustive me thy la lion of, 672 
Conjugated double bonds, 23 
Conjugated piotems, 765, 77 o 
Constitutional formulae, 16, 25 
Conylene, 672 
Conynnc, 642 , 673 
Co oidinate link, 29 
Coppei acetylide, 117 , 119 
Coproslanc, 486 
Copiostciol, 486 
Co 1 am me, 644 
Coichte, 24s 
Cornem, 770 
Corybulbine, 725 
Corycavamme, 725 
Coiycavidine, 725 
Corycavme, 725 
Corydaline, 724 
Coiydme, 725 
Corytuberme, 725 
Cotarnme, 719, 720, 721 
Cation effect, 47 
Cotton printing, 604 
Coumalic acid ? 278, 630 
Coumalimc acid, 278, 630 
o Coumanc acid, 449 



INDEX OF SUBJECTS 


817 


Coumanlic acid, 585 
Coumann, 278, 449 
Coumannic acid, 449 
Coumaione, 547, 585 
u Coupling ” of dia^omum salts, 400 
Co valtncy, 29 
Ciearn of taitai* 280 
Creatine, 218, 336 

phospliotic acid, 335 
Cieatmme, 335 
Creosote oil, 368 
Cresolme, 413 
Cresols, 413 
Cioceic acid, 526 
Croccm otange, 527 
Ciotonaldehyde, 171, 1 * 7*7 
Ciotonic acid, 50, 194 
constitution of, 194 
Crotonyiene, 116 

Crum Brown and Gibsons rule, 362 

Ciyptopme, 724 

Crystallisation, 75 

Crystal violet, 43S s B 05 

Cumic acid, 440 

Cumin, oil of, 466 

Cummol, 432 

Cupieine, 707 

Ciuanne, 714 

Curd, 767 

Cuskhygi me, 678 

Cutch, 455 , 457 
Cyamehdc, 325, 326 
Cyanalkmes, 738 
Cyananude, 829 
Cyanhyduns, 170 
Cyanic acid, 62, B2B, 326 
Cyanide imide system* 65, 09 
Cyanides, metallic, 3^3 
Cyamdin, 456, *780 

Cyamdm chloride, 786, 788 
Cyaniclines, 751, 752 
Cyamn, 786 
Cyamnes, 653 
Cyano acetaldehyde, 624 
Cvano benzene, 438 
Cyano camphoi, isomerism of, 69 
Cyano formamlide, 322 
Cyanogen, 321 

biomide, use in disiuptmg cyclic bases, 


647 , 

chloride, 326 
Cvano norcocame, 703 
vinyl alcohol, 624 
Cvanuramide, 329 
Cyammc acid, 325, 326 

acid, isomeric trialkyl estcis of, 326 
bromide, 325 
chloride, 326 
Cyaphemne, 438, *762 
Cyclic compounds, r8 
Cyclo butane, 348 
derivatives hom ketones, 180, 181 

Cyclo butene, 34 s 


Cyclo heptadiene, 683, Q8Q, 687 
heptane, 348 
hep tan one, 272 
-heptatriene, 852 , 080 , 695 
-heptatnene caiboxyhc acid, 692 
heptene, 686 
hexane, 346, 348, 400 
hexane-1 4 dione, 463 
hexanol, 461 
hexanone, 272, 462 
hexanone carboxylic acid, 57 
hexyhdene acetic acids, 66 
nonane, 348, 352 
nonanone, 352 
octadiene, 352 
octane, 348 
octanone, 273, 8 B 2 
octatetraene, 359 
olefines, 351 
paiaffins, 347 
pentachene, 351 
pentane, 848 , 350 
pentane tnones, 349 
-pentanone, 272 
propane, 347, 848 
Cymene, 372 
Cysteine, 234 

conveision mto taunne, 234 
Cystine, 234 
Cytoglobuhn, 764 
Cytosine, 771 

DaJmts butyl alcohol extraction process, 
212 

Daphnetin, 450 
Daphmn, 450 

Deamination, 143, 214 , 215, 448 
Dec ihydro naphthalene, 523 
quinoline, 658 
Decilm, 523 
Decancs, 105 

Degiadation of alkaloids, 665, et seq 
of sugais, 29 1 
Dehydro corydaline^ 725 
Dehydiogenaticm with sulphui, 482, 485 
with selenium, 485 
Delplune blue, 749 
Deiphmtdm, 780, 788 
Delphimdm chloude, 786, 788 
Delphmm, 786 

Donatuiation of pioteins, 756, 757 
DenmiedPs method of analysis, 9 / 

Density, 7<) 

Deoxycholic acid, 485 

Dephlcgmatois, 78 

bepsides, 451 
Dermatol, 451 

Desmotiopic compounds, 62, 63 
Desoxy benzoin, 514 
caffeine, 344 
pentose, 77 1 
xanthine, 343 

Determination of basicity, 82 


3 f 
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Determination of methoxy groups, 666 
Deuteroporphyrin, 574 
Dextrin, 313 

Dextro and laevo rotation, 88 
Dextrose, 302 See also glucose 
Dncetamuie, 201 
Diaceto succinic ester, 260, 284 
Diacetoxy phenanthraqumones, 558 
D1 acetyl, 73, 249 

-benzoyl-methane, 252 
dioxunt, 249 

(tetrahycliQ-yV-dipyridyl), 645 
Diacetylene, 119 

dicaiboxyhc acid, 275 
Dialdehydes, 247 
.g'vw-Dialkyl acrylic acids, 66 

1 groups and img formation, 

68 

Dialkyl indoles, 59 x 
D tally 1, 107, 247 
diozomde, 247 
pynole, 571 
Diahiric acid, 337 
Diamine black, 488 
Diamines, aikylene, 240 
aromatic, 387 
;/z-Diamtnes, test foi, 387 
o Diamines, test for, 3S7 
Dtamino acids, 219 

Dakin*s method of sepatating, 212 
3 6 Diammo acridine, 66x 
6 g Diammo aciidme, 662 

amino aisenobenzene, 409 
Diammo azobenzene, 405 
jP Diammo benzophenone, 435 
cce Diammo capioic acid, 220 
3 3' Diammo dimesityl, 45 
/-Diammo diphenyl methane, 490 
Diamino-diphenyl sulphide, 383 
6 6VDiarmno o ditolyl, 44 
2 4-Diaminophenol, 417 
/^-Diammo stilbene, 512 
Diammo-stilbene disuiphonic acid, 512 
afi-Diammo valenc acid, 212, 219 
Diamond, X ray analysis of, 33 
Diamylose, 315 
Diamlido maleic acid, 598 
2 g-Diamlino qumone diami, 746 
o Diamsidine, 487 
Dianthranol, 538 
Diastase, 137 
Diastases, 313 
Diazmes, 737 
Diazo acetic ester, 217 , 609 

acetylammo acetic ester, 217, 224 
-amino-benzene, 401 
-ammo compounds, 401 
-ammo system, 65, 69 
-amino fi toluene, 401 
anhydrides, 398 
compounds, aliphatic, 165 
-compounds, aromatic, 394, 396 
compounds, isomerism of, 60, 396 


Diazo cyanides, 397 
esteis, 217 
methane, 73, 166 
Dmomum boiofluondes, 395 
hydrates, 398 
salts, 394 

Diazo pyi azoles, 611 
sulphonates, 397 
Diazotates, 396 
Diazotisation, 393 
Dmzotype punting, 398 
Dibasic acids, 264 
Dibenzo furane, 586 
pyi one, 635, 636 

Dibenzoyl acetyl methane, 252 , 516 
methane, 516 
hydioqumone, 463 
ornithine, 216 
Dibenzyl, 511 
Dibenzyl ethane, 516 
ketone, 516 
methane, 516 

Dibromo anthiaqumone, 536, 541 
butyiic acid, 196 
cmnamic acid, 36 
deuteroporphyrm, 574 
p Dibromo dimtioso hexamcthylene, 463 
Dibromo diphenic acid, 55&J 
Dibromo mdigo, 603, 605 
a/ 9 -Dibromo isobutyric acid, 195 

1 5-Dibromo pentane, 120, 647 

2 7 Dibromo phenanthraqumonc, 558 
Dibromo propyl malonic estei, 580 
Dibromo succinic acid, 275 
Dibromo tyrosine, 769 
Dibutytene, 113 

Dichloro acetic acid, 82, 208 
o Dichloro benzene, 551 
Dichloro benzenes, dipole moments of, 85 
Dichloro ethylene, 125 
pp Dichioroethyl sulphide, 152 
Dichloro lsoquinolme, 660 
Dichloro naphthalene, 524 
1 g-Dichloro pentane, 647 
9 10 Dichloro phenanthrene, g 51 
aS Dichloro valerolactone, gS 1 
Dichroism, circular, 47 
Dicyandianude, 329 
Dicychc terpenes, 465, 473 
Dicyclo octadiene, 352 
pentadiene, 351 

Dtels and Alder reaction, 116, 806 
Diethyl m amtnophenol, 416 
barbituric acid, 337 
carbmol, X42 
cyanamide, 70 

-hydroxyethyl diethylamine, 238 
malonate, 268 
Diglycyl glycine, 221 
Dihexosarj, 314 
Dihydric alcohols, 23$ 

phenols, 0, and/ , 417 
Dihydro anthracene, 535, 536 
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Dihydro-cuichomne, 714 

collidine dicarboxylic ester, 639 
isopiene, 353 
morphine, 666 
nvucomc acid, 33, 583 
Dihydro-naphthulcncs, 521 
phenanthrene, 550 
qumuzolmt, 740 
quinine, 714 
quinoline, 657 
scopolme, 699 
-tetrazmes, 753 
Dihydroxy acetone, 244, 294 
1 2 Dihydroxy-an thraqumone, 540 
Dihydroxy azobenzene/ sulphomc acid, 
^ 405 

p Dihydroxy in cliamino arsenobenzene, 
410 

Di liydroxyethyl amine, 238 
Dihyclro vy hexamelhylene tusulphontc 
acid, 418 

Dihydroxy n iphthalene, 5 * 7 , 53 i 
pen - Dihydroxy - naphthalene 3 6 - di 

sulphomc icid, 5*7 

Dihytlroxy phenn.ntliraquinone, 552, 668 
phenantlueneb, 55* 
quinolines, 652 
succmic acids, 36, 37, 278 
toluenes, 419 
Dnodo-acetylene, 126 
tyiosme, 769 

Diketo hexamethylenes, as and tram , 43 
P Diketo hexamethylene, 463 
Diketo - hexamethylene sulphomc acid, 
418 

Diketo hydrin dene, 531 
hydtmdcne mtrositc, 531 
Dike tones, 248 
I 2-Diketones, test for, 387 

1 4 Diketoncs, test foi, 251 
Diketo oclahydio-phcnanthrcne, 547 
Diketo pipem/mes, as and itam % 43 

2 5-Diketo piperazine, 21 5 , mi, 739 
Diketo tctiamethyl cyclobutane, 349 
Dihturic acid, 337 

3 6 Ditnethoxy - 4 acetoxy - phenanthra 

qumone, 558 

3 G DimetUoxy-4 acctoxy phenantlirene, 

55 $ 

3 6 Dimclkoxy 4 hydroxy phenantlnene, 

555 

Dimcthoxy-isoquinohne, 716 

4 * 5-Dimethoxy-phenanthiaqmnone, 558 
3 4-Dimethoxy-phenanthrenc, 554 

3 4 Dimethoxy - phenanthrene 9 car¬ 

boxylic acid, 554 
Dimethyl allene, 353 
Dimethvlamm^ 163 
Di me thylamino-acetic ester, 218 
o Dimethylammo amsole, 619 

4 Dimothylnmino anUpyrine, 620 
Dimethylammo azoben^ene, 401 
Dn/oben/ane sulphomc acid, 405 


DimethyHmmoethyl ethei, 289 , 731 
Dimethyl m ammophenol, 416 

Dimethylamino cycloheptadiene, 686, 
687 

c>cloheptene, 683, 686, qb 7 
Dimethyl aniline, 386 
Dimethyl aniline oxide, 387 
butadiene 3^4 
dibenz) 1, 511 
diethyl mercaptol, 152 
diphenyl osotetrazme, 752 
ethyl cubmol, 142, 144 
ethylenes, 50, 114 
fulvene, 351 
furane, 251, 583 
glutacomc acids, 66, 67 
glyoxime, 249 
liomocatechol, 716 
mdole, 591, 592 
ketene, 181 
morpliol, 553, 554 
naphthylammes, a and /3 , 530 
oxalate, 267 
piperazine, 739 
piperidtmum iodide, 648 
pyiazme, 739 
pyrazoles, 612 
pyrone, 632 

pyrone methiodide, 634 
pyrone salts, 632 
pyrrole, 251 

pynole dicarboxylic esters, 564 
pynohdme, 579 

pyrrolidine methochloride, 579» 648 
pyrrohdimum iodide, 578 
2 4 Dimethyl qumol, 4*3 
Dimethyl succmic acids, 272 
sulphate, 148 
thiazole, 635 
thiophenes, 351, 586 
vmylamme, 240 
Dimorphism, 75 

1 I'-Dmaphthyl, 560 
Dinicotmic acid, 645 
Dmitro anthraquinone, 544 

2 4 Dmitro benzaldehyde, 599 
Dmitro benzenes, 379 
Dmitro diphemc acids, 557 

Dmitro diphemc acids, enantiomorplmin 

of, 44 , 45 

o Dmitro diphenyl acetylene, 590 
Dmitro indigo, 599 
a naphthol, 526 
phenanthraqumones, 557 
quinolines, 653 
taitanc acid, 621 
Diolefines, 115 
p Di orsellimc acid, 453 
Diosplienol, 472 
Dioxmdole, 595 
Dipentene, 115, 4 tf 3 
hydrochloride, 473 
Dipeptides, 231 
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Diphcmc acid, 480 , 492 
Diphemc acids, 557, 558 
tesolution of, 44, 45 
Diphenoqmnoncs, 48 8 
Diphenyl, 48^ 

-acetaldehyde, 238 
-acetylene, 512 
Diphenylammc, SOB, 606 
D1 phenyl am mo fu chso no phenyhm me, 
506 

fi Diphenyl-bciwene, 489 
ao-Di phenyl butane, 516 
Diphenyi-caibodnmule, 70 
Diphenyl-2 carboxylic acid, 488 
Diphenyl cyan amide, 70 
Diphenyl dmretylenc, 516 
Diphenyl o 0* djaklehyde, 549 
Diphenyl endaiulo dihydrotiiazole, 628 
Diphenylene glycolhc acid, 492 
Diphenylene methane, 491 
oxide, $86 
sulphide, 588 
phenyl-ethane, 511 
Diphenyl clhor, 414 
s Diphenyl ethylene, jjri 
Diphenyl ethylene oxide, 238, 513 

t-T)i phenyl glycol, 513 

Diphenyl glycolhc acid, 515 
Diphenyl gioup, optical isomensm 111, 44 
Diphenyl hydioxy cyamdme, 751 
Diphenyl-hydroxyethylamine, 238 
-liydroxyin mine, 389 
hydroxy triazme, 751 
ketene, 435 
-methane, 490 
-methyl cyamthne, 751 
-nitnc acid, 414 
nitric oxide, 390 
-nitiosammc, 385 
a/t Diphenyl oxarole, 624 
ay-Diphenyl propane, 516 
Diphenyl qumo methane, 499 
succinic acids, 272 
thiouieoj 3S4 
tolyl cm binds, 496 
-tolyl methanes, 496 
tr initio phenyl hyd rapine, 400 
tnnitrophenyl hydrazyl, 400 
Diphenyl-urea, 384 
Dipicohmc acid, 645 
Dipoles > 83 
Dipole association, 93 
Dipole moments, 84 
IhfipePs oil, 638 
Dipyrryl aryl methanes, 571 
Du active influence in benzene substitu 
tion, 361 

Disaccharides, 286, 807 
coustitiiUon of, 310 
Disacryl, 177 
Disazo dyes, 404 
Dissociation constant, 82, 83 
Dissymmetry, 45 


Distearyl glyceiyl phosphouc acid, 192 
Distillation, 76 
fractional, 77 
in steam, 77 
Diterpenes, 481, 482 
Ditluan dioxide, as and irans , 6i, 62 
Dnueides, 338 
Diuretics, 344 
Divalency of caibon, 16 
Divalent radicals, 99 
Divinyl, 116 , 578 
Dodecyl alcohol, 131 
Donor atom, 29 
Double bond, 17 
detection of, 112 
elect!onic structure of, 80 
oxidation at, 193, 194 
semi polai, 81 
Doublet, electrical, 83 
Dulcitol, 248 , 305 
Dyad systems, 64, 65 
Dyeing, 403 

Dynamic isomerism, 62, 64, 71 
Dynamite, 245 

Eaitli nut oil, 192 
Eaitli wax, ioi, 107 
Ebonite, 353 
Eccame, 703 
Ecgomdme, 692, 702 
a Ecgomne, 693 
Ecgonmes, 581,601 
Ecgonmic acid, 582 
Edestm, 220, 761, 7 gg 
E gg albumin, 760, 7 Q 6 
Egg albumin, crystalline, 760 
Egg lysalbmic acid, 765 
E^g protalbmic acid, 765 
Eikonogen, 528 
Elatdic acid, 195 
Elastm, 223, 765, 789 
Electrical centre, 83 
conductivity, 81 
doublet, 83 

structure of molecules, 83 
Electrolytic synthesis, 103 
Elect! onegative gioups, 83 
Elect!opositive groups, 83 
Electrons, 27 

Electronic theory of valency, 27 
Electrovalency, 28 

Electrosynthesis with malomc ester, 269 

Ellagic acid, 451 

Emeraldine, 382 

Emetamme, 724 

Emetine, 723 

Emodin, 546 

Empirical formulae, 10 

Emulsm, 298, 430 

Enantiomorphism, conditions for, 42 
Enantiomorphous crystal forms, 75 
Enantiomorphs, optical, 32, 33 
Endimmo triazoles, 628 
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Endothermic compounds, 95 
Enol forms, 63, 261, 262 
Enzymes, 137,188, 298, 790 
detection of, 791 
prepaiation of, 791 
pui location of, 138, 792 
piopeities of, 792 
Eosin, 444 
Ephednno, 671 
Epicatechin, 456 
Epihydumc acid, 232 
Epimensation, 38, 292 
Eigosterol, 438, 484 
Eigot, 484, 623, 669 
Erysolin, 329 
Erytluene, 115 
Eiythrm, 245 
Erytluitol, 245 
Eiythromc acid, 246 
d Erythromc acid, 305 
Erythrose, 246 
dl Eiythrose, 294 
Essential oils, 464 
Estei acids, 146 
formation of, 42, 147 
Esters, 132, 197 

Estimation, caibon and hydiogen, 5, 9 
halogens, 8, 10 
11101 game acids, 9 
nitiogen by Dumas, 6 
nitiogcn by Kjeldahl, 7 
nitrogen by Vauentiapp Will, 6 
phosphoius, 7 
sulphur, 7, 9 

E tarns icaction, 871 , 4 2 9 
Ethane, 103 

Ethane tetiacaiboxylic ester, 270, 271 
Ethanol, 135 
Ethene, 113 
Ether, ethyl, 150 
ammo ethyl, 239 
Etheieal oils, 464 
Etheis, 149 
simple and mixed, 149 
Ethme, 99 
Etho , 100 

2 Ethoxy 6 9 diamine acridine, 662 
Ethyl, 99 
acetate, 199 
Ethyl alcohol, 135 

ilcohol, stiuctuie of, 26 
benyene, 369 
benzoate, 437 
butyi ate, 199 
chloiide, 122 
disulphide, 152 
etliei, 150 
ethylene, 114 
formite ; 198 
glycollic acid, 226 
hydrocaoutchouc, 355 
hydiogen sulphate, 147 
iodide, 122 


lodochloride, 121 
isovaleiate, 199 
malonate, 268 

malonate, use in synthesis, 268 
mercaptan, 152 

naphthyl imines, a and , 53° 
nitiamme, 163 
oithoformate, X 98 , 654 
oxalate, 267 
pyridine, 64 a, 685, 691 
quinuclidme, yiOj 712 
succinate, 271 
sulphonic acid, 151 
Ethylene, 99, 1 X 3 
bromide, 114,122 
clilorohydim, no, 237 
cyanohydrin, 237 

derivatives, mterconversion of, 50, 274 

derivatives, isomeiism of, 49 

diamine, 240 

electronic fotmula, 29 

glycol, 237 

lactic acid, 229 

oxide, 237 

use in ripening fruit, 114 
Ethyhdene bromide, 116 
chloiide, 120, 172 
lactic acid, 227 
-succinic acid, 270 
Eucaine, 702 
/3 Eucaine, 702 
Eucalyptus, oil of, 470 
Euc isein, 767 
Eucodme, 727 
Eucupine, 707 
Eudesmol, 481, 482 
Eugcnol, 66, 433 
Eulcodal, 735 
Euporphme, 736 
Euihoclmes, 742 
Emhodols, 743 
Euxanthic acid, 636 
Euxanthone, 636 
Evernic acid* 451, 452, 468 
Evermnic acid, 451 
Exhaustive methylation, 578, 647 
Exothermic compounds, 95 
Expressed yeast juice, 138, 139 
Externally compensated compounds, 84 
86, 281 

Famesol, 481 
Fast blue, 749 
Fast red A, 528 
Fats, 189 

hardening of, 193 
Fatty acids, 182 

oxidation at p position, 183 
Fatty acids, prepaiation of lnghet, 190 
Fatty compounds, 17, 98 
frehtm^b solution, 280 
Fenchone, 481 
Fenton's reagent, 291 


3 T? 2 
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Fcimentation, "1100110110, 136 
1 irtic, ^28 

Nert&e? theory of alcoholic, 139 
Fci mentation amyl alcohol, 143 
butync icid, 188 
lactic acid, 227 
ptoccsses, 138 
Ferments, unoigimscd, 138 
1' eiultc aud, 450 
l* ibnn, ?(){* 

Fibrinogen, 764, *700 
Fibiom, silk, 765, 769 
Fibiosm, 769 
Fichtelite, 560 
Fuc damp, 101, 103 
Fisctm, 630 

p t £titfs synthesis, 369 
I* lash point, 105 
Flavanihnc, 654 
I'Uvmthionc, 545 
Fla von e, 635 
Flavonol, 636 
Flnvopm pin m, 542, 613 
Flu mane, 444 
Flu 01 an the nc, 559 
Fluoienc, 101 . 

2 7 Fluoienc disulphomc acid, 491 
Fluoicne puiate, 491 
Flumenonc, 488, 489, 493,408 
Fiuoiuiyl, alcohol, 493 
Flumescetn, 444 
Fhmto compounds, myl, 395 
FlUisckum'i thorny of benreno substitu¬ 
tion, 363 

FlUtscheim's theory of bonds, 83 
Formaldehyde, 114,17 h 
aniline, ppo, 504 
condensation of, 175 
from caibon dioxide, 174 
poly me ns di on of, 175 
sodium sulphoxyKte, 176 
Formalin, 175 
Foimavmdc, 203 
Foimamidoximc, 330 
Fonmtion, heat of, 94 
Foimic acid, 185 

Found titration method for ammo acids, 

213 

Foimose, 176, 294 
Formula, calculation of empirical, 10 
Formulas, constitutional, 16, 26 
Formyl diphenylnminc, 661 
homomyristicyl amine, 721 
hydra ndc, 626 
hydrazine, 753 
-phenyiacctic estci, 254 
Fractionating column, 78 
Fractional distillation, 77 
JTftsdsl and Craft? reaction, 370 
^-Fructose, 288, 291 
rf-Fructose, a and ft 305 
dl~ Fructose, 306 
/-Fructose, 306 


Fruit, lipcmng with ethylene, 114 
Friut sugai, 305 
Fuchsine, 503 
F uchsone, 499, 500 
Fuchsone phcnyhmine, 499 
phenyl imonium chloiuh, 499 
Fuchsommine, 500 
Fucose, 296 
F ucoxanthm, 784 
F ulgides, 74, 75 
Fulminates, 330 
luilmtmc and, 330 
Fulvene, 73, 861 
F umai ic acid, 49, 278 
oxidation of, 47 
Inimaioul type, 50 
Fmane, 248, 688 
Fui me aldehyde, 584 
a caiboxylic icid, 585 
Fuiazanes, 627 
Furfur aldehyde, 295, 684 
Fuifuianc, 583 
Fmfurote, 584 

phloroglucidc, 584 
test foi, 585 
Fmolc Sec Fuifmole 
Fusel oil, 139,14J3 
Fustic, 636 
Fustin, 636 

G acid, 526 

/^method, 160, 446 
for amino acids, 211 
Galactitol, 30/j. 

Galactonic acid, 305 
Gat ictosamme, 774 
rtf Galactose, 301, 804, 310 
Gahlith, 176, 319 
Galangm, 7^7 
Galegme, 669 

Gallem, 445 

Gallic acid, 419, 460, 788 
Gallocyanm, 749 
1 Galloyl p glucose, 454 
Gnmbici c iteclm, 455 
Gaiancm, 54° 

Gasoline, 105 
Gattermann reaction, 395 
Gelatin, 768 
Gelignite, 245 
Gem dialkyl gioups, 51 
Geneva commission, 96 
Geometrical isomeusm of caibon com¬ 
pounds, 32, 48 

isomerism of nitrogen compounds, 60 
isomerism of sulphur compounds, 60 
isomers, interconvcision of, 50, 274 
isomers, determination of configuuition 

of, 273 

Geranial, 178 
Geranic acid, 196 
Geiamol, 145 

Germination of barley, 137 
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Glacial acetic acid* 187 
Glaucme, 725 
Glaucophyllin, 778 
Gindins, 223, *766 
Globm, 571, 767 
Globulins, 758, 705 
crystalline* 759 
Gluco alkaloids, 665 
Gluco g illm, 454 
Gluco hcptose, synthesis of, 292 
Gluco piotcins, 765, 778 
d Gluconic acid, 303 
d Glucosamine, 80 S, 773 
d Glucosamimc acid, 304 
Glucosates, 289 
d Glucosazone, 290, 303 
d Glucose, 136, 301, 802 

a , 0-, and y fonns, 297 300, 303 
caiboxyhc acid, 292 
conversion into aiabinosc, 291 
conversion into mannose, 293 
detetmmaiion of stiuctuxe, 299 
lactic feimentation of, 228 
synthesis of, 302 
dl Glucose, 304 
/ Glucose, 301, 304 
Glucosides, 306 

distinction between a- and p , 297, 298 
methyl, 287 , 306 
Glucosone, 291 
Glutacomc icid, cts , 67 
bans , 0G, 275 
“noun il” formula foi, 67 
Glutacomc anhydride, 67 
esteis, ozomsation of, 67 
Glutianm, 7S7 
Glutamic acid, 283 
Glut imine, 283 
Glutaric acid, 272 
aldehyde, 677 
anhydnde, 265 
Glutathione, 224 
Glutiamn, 787 
Glutin, 768 

Glyceric aldehyde, 294 
Glycenne, 242 
Glyccxol, 136, 190, 242 
by fermentation, ^42 
synthesis of, 243 
Glycerosc, 244, 294 : 

Glyceryl uinitiate, 244 
oxalate, 145 
Giycidic acid, 232 
Glycine, 216 , 485 
anhydnde, 215, 221 
estei, 217 

Glycocholic acid, 485 
Giycocoll, 216 
Glycogen, 314 
Glycol, 236, 237 
diacetate, 237 

dimtiate, 237 

monoacetate, 236 


Glycol mono ether, 237 
Glycol he acid, 226, 227 
aldehyde, 294 
Glycolhde, 227 
Glycols, 235 
Glycurone, 304 
d Glycuionic acid, 304 , 636 
Glycyl d alanine, 223 
-glycine, 221, 222 
pioline anhydnde, 223 
Glyoxal, 247 , 367 
Glyoxahc acid, 253 , 267 
Glyoxalme, 247, 621 
dicaiboxyltc acid, 621 
Glyoximes, 219 

Glyoxyhc acid See glyoxalic acid 

Gnoscopine, 721 

Gold number, 759 

Goigonm, 769 

Giape sugai See glucose 

Giecn oil, 369 

Gngnard leaction, 127 , I 34 > 184, 236, 

369, 3 7 % 448 

Gioups, positive and negative, 83 
Glowing chain effects, 90, 351* 677 
Guaiacol, 417 
Guanidine, 334 
thiocyanate, 334 
Guanine, 846 , 770, 772 
Guanylic acid, 772 
GtftqntPs gicen, 502 
d Gulose, 296 
Gum benzoin, 436 
Gun cotton, 320 
Guttapercha, 356 

II acid, 526 

II unatic acids, 67 s> 671 , 782 
Ilannatin, 671 , 572, 773 
II emito poiphynn, 572, 575 
Ila^min, 671 , 57^, 773 
stiuctme of, 575 
Ilanmns, 571, 572 
IlEcmochiomogen, 572 
Ilfemocyanins, 761 
IlEunoglobm, 571 , 761, 772 
Ilrcmoglobms, 765, 772 
Ilmmopyrrole, 572 , 575 
caiboxyhc acids, 572, 573 
IIalogenated benzenes, reactivity of, 364 
Halogen derivatives, iliphatic, 119 
deuvatives, aiomatic, 373 
Halogen substituted fatty acids, 206 
Ualo^enSj detection of, 4 
estimation of, 7 
Haidcmng of fats, 193 
Tlaid soaps, 191 
llcat of combustion, 94 
of fonnation, 95 
Heavy oil, 105, 368 
Ilclianthme, 405 
Heliotiopin, 433 

Hell VoUtat d Zehfisly method, 206 
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Heller's test, 763 
Hemnnelhtcil, 372 
Hemitei penes, 464 
Hemp oil s 196 

Ilepta - (tribenzoyl galloyl) todopli 
mnltosazone, 458 
Heptoses, 287, 288, 306 
Heratol, 117 
Oerung brine,. 163 
Hermg and Meyers method, 666 
Ilctero atoms, 561 
Heterocyclic compounds, 18, 661 
p Ilexa-amylose, 315 
Ilexachlorobenzene, 375 
Hexachloioethaned 125 
timiorphism of} 75 
Ilexadecanes, 105 
Hexadecyl alcohol, 144 
«e Ilexadiene, 107 
ae-IIexadime, 108 
Hexahyduc alcohols, 246 
Ilexahydro-anthracene, 536 
benmldehyde, 463 
-benzene, 460 
-benzoic acid, 463 
-benzyl alcohol, 463 
cymene, 466 
dui one, 460 
fluorene, 493 

pentamethyl benzene, 460 
phenol, 461 
phtlialic acids, go, 404 
quinoline, 658 
-m tokuc aldehyde, 463 
Ilexahydioxy anthraqumone, 544 
-benzene, 420 
-diphenyl, 4S8 
Hex am ethyl-bertzene, 372 
-paiaiosamltne, 505 
Hex am ethylene, 460 
tetraminc, 175 
Hexane, 105 
Hexapepude, 221 
Ilexaphenyl tetrazane, 390, 400 
ct/ 3 -Hexenic aldehyde, 178 
Hexomc acids, 289, 302-305 
Hexoses, 287, 297 
mterconversion under the influence of 
alkali, 305 

Hexyl resorcinol, 351, 418 
Higher fatty acids, 189 
Hippuric acid, 183, 487 
Histamine, 623 
Histidine, 220, 623 
Histones, 764, 767 
Hofmann reaction, 160 
Hofmann reariangement, 380 , 612, 640 
Ilolleman’s theory of benzene substitu 
tion, 363 

Homatropine, 697 
Homocamphanc acid, 480 
Homocyclic compounds, 347 
Hemolkcfs base, 507 


Homologous senes, 21 
Homologues, 21 
Ilomophthahc acid, 659 
Homophthalimide, 659 
Ilomotropemes, 703 
Homotropme, 702 
Honey stone, 446 
Houlenme, 670 
Hormones, 161, 671 
Houben and Hoesch ie action, 434 
Humm substances, 774 
Humulene nitrosite, asymmetnc decom 
position of, 48 
Hychacryhc acid, 229 
Ilydiaidite, 176 
Ilydrammes, 238 
Hydrastme, 722 
Hydrastmme, 722 
Hydratiopic acid, 440 
Hydrazides, acid, 204 
Hydrazidmes, 627, 029 
Ilydiazme, 217, 334 
Hydrazines, aliphatic, 164 
aromatic, 398 

Hydrazmo acetic estei, 217 
o Hydrazmo benzoic acid, 620 
Hydrazoben/ene, 377, 891 
Ilydiazoic acid, 217 
Ilydiazone azo system, 65, 72 
Hydrnzones, steieoisomerism of, 72 
Hydnndene, 534 
caiboxyhc acid, 533 
dicarboxylic ester, 533 
Hydro aendmes, 66i 
Ilydroaromatic compounds, 458 
Hydrobenzamide, 431 
Ilydiobenzom, 431, 618 
Hydiocaoutchouc, 355 
Ilydiocarbons, nomenclature of, 98-101 
satuiated, 98 
unsaturated, 107 
Ilydrocellulose, 316 
Ilydrocinnamic acid, 440 
Hydro coeiulignon, 488 
cotaimne, 719, 720 
coumaric acid, 448 , 449 
Hydio cupieme, 707 
Hydrocyano carbodiphenylimide, 602 
Hydro ecgomdme ethyl estei, 702 
Hydrogen cyanide, 322 
tautomerism of, 62, 6$, 323 
Hydrogen, detection of, 3 
estimation of, 5 
Hydiogenated naphthols, 525 
naphthylammes, 528 530 
Hydrogenation, catalytic, 109 
Hydro hydrastmme, 723 
Hydrolysis of esters, 147 
by enzyme action, 190 
of nitriles, 205 
of salts, 86 

Hydro a methyl indole, 591 
phenanthraqumone, 552 



INDEX OF SUBJECTS 


825 


Hydro phthahc acids, 463 
Ilydroqumone, 418 
Hydro qiunoxahncs, 740 
Hydiosutplnie vat, 604 
Hydio tiopidmc Ste Tiopane 
Hydioxy acetic acid, 227 
o Ilydioxy acetophenone, 635 
Hydroxy icids, 225, 447 
a Ilydroxy acids,biochemical preparation 
of optic illy active, 214 
Hydioxy ilkyl biscs, 238 
Ilydioxy ammo acids, 232 
Hydioxy immo propionic acids, 233 
Ilydioxy anthiaccncs, 536 
Ilydioxy anthiaqumones, 539 
p Ilydroxy a/obenzcne, 390 
t uitomcrism of, 426 
Hydioxy ben/01c acids, 44 * 7 , 418 , 788 
o -Ilydioxy benzoyl pyroraccmic ester, 

63s 

p Hydioxy butync acid, 229 
formation m 01 g an ism, 183 
Ilydioxy chalkone, 635 
o Ilydioxy cinn innc tuds, 449 
Ilydioxy coumatin, 450 
Ilydioxy dihydiocodeinone, 735 
Hydroxycthvl dimctliylamine, 23 B, 731, 

73 2 

Ilydioxy elhylammc, 192 
/I Ilydioxy ethyl sulphomc acid, x 11, 242 
9 Ilydroxy fluorene 9 carboxylic acid, 492 
Ilydroxy glutamic acid, 288 
Ilydioxy hydioqumonc, 420 
3 Ilydioxy indole, S94 
Ilydioxylammes, aliphatic, 164 
aromatic, 388 

3 Ilydioxy 4 methoxy phcnanthienc, 554 
Ilydioxymethylene menthone, 472 

2 Hydioxy 4 methyl quinoline, 651 

4 Hydioxy 2 methyl quinoline, 652, 055 
Ilydioxy methyl-tctuihydio qumolme, 

658 

Ilydioxy oleic acid, 542 
phenanthraqumones, 558 
phenanthrones, S 5 1 j 55 2 

phena/mes, 743 , , , , 

4 ) Ilydioxy phony l dunethylethyiamme, 
670 

p Ilydroxy phenyl ethyl alcohol, 448 
p Ilydioxy phenyl cthylamme, 669 
p Hydroxy phenyl piopionic acid, 448 
0 Ilydroxy phenyl 4 quinoline, 709 
4 Ilydroxy 2 phenyl qumolme 3 cm 
boxyhc cstei, 651 
Hydioxy pioline, 581 
p Ilydioxy piopionic acid, 229 
tj-IIydioxy pyi i/ole, 611 
Ilydroxy pyndincs, 641, 643 
p Ilydioxy pyione, 631 
Hydroxy pyrrolidine carboxylic acid, 

4 Ilydroxy quinoline 3 carboxylic acid, 
S 93 


Hydroxy quinolines, 654 

p Hydroxy tetraphenyl methane, $ll 

Ilygnne, 678 

Hygrimc acid, 678 

Ilyoscine, 698, 699 

Hyoscyamme, 698 

Ilypnone, 434 

Hypoxanthine, 344 , 770 
riboside, 772 

1 ™ meso, 36 
Ichthyol oil, 5S6 
Id$in, 786 
Idose, 301 
Idryl, 559 

Illuminating oil, 105 
Imido chlorides, 203 
Iminazole, 621 
Immazoles, 247, 387, 621 
Immazyl ethylamme, 623 
Immo ethers, 203 

Iminohydnn formula for amides, 202 
Indamine, 425 
Indammes, 424 
Indanthrene, 545 
yellow G, 545 
Indnzole, 620 
Indcne, 533 

derivatives, 53 b 638 
Indian yellow, 636 
Indican, 597 

Indigo blue, 432, 442, 596 
blue, properties of, 603 
blue, synthesis of, 597 
brown, 597 
carmine, 604 
disulphonic acid, 604 

gelatm, 597 

led, 597, 604 
salt, 599 
white, 603 
Indigotm, 596 
Indirubin, 597, 604 
Indogenides, 605 
Indole, 589 

3 acetic acid, 593 
2 carboxylic acid, 593 
Indoles, alkyl and aryl, 59 ° 

3 Indolyl ethyl alcohol, 593 

Indophenme, 596 
reaction, 586 
Indophenols, 162, 425 

Indoxyl, 594 
glucoside, 597 
Indoxylic acid, 594 
Indoxyl sulphuric acid, 594 
Indulme, 382, *746 
melt, 746 

Induimes, spirit, 747 

Inks, 454 r 

Inorganic acids, estimation 01, 9 
Inosmic acid, 77 b *^72 
Inositol, 462 
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Internally compensated compounds, 86, 
281 

Intr i-annulai tantomerism, 68 
Inti amolecular alkylation, 682 
Lnulin, 305 

Inversion, Walden , 89, 278 
Inveitase, 138 
Invert sugar, 309 
Iodine, detection of, 4 
lodo benzene, 375 

caiboxyhc acids* 207 
cblondes, 374 
cyclohexane, 461 
-ethane, 122 
-ethyl ethei, 239 
-gorgomc acid* 769 
hexamethylene, 461 
methane, 122 
-spongin, 769 
thiophene, 588 
lodofmm* 124 
Iodole, 570 
lodoso benzene, 374 
Iodoxy benzene, 375 
Ionisation of active acids anti bases, 91 
lonones, 784 
Ipecacuanha, 723 
Iione, 179 
I satic acid, 595 
Isatm* 63, 695 
anilide, 602 
chloride* 598 , 59S 
methyl ether, 596 
Isatogemc acid, 595 
Isatoxime, 596 
Isethionic acid, in, 242 
Ismdavoles, 620 
Isoamyl acetate, 199 
alcohol, 142 
p-Isoamylene, 1:4 
Isoamy! iso valerate, 199 
Isoborneol, 477 
Isoboinyl chloride, 475 
Isobutane, 39 
Isobutyl alcohol* 142 
Isobutylene, xro 
Isobutyric acid, x88 
Iso campbane, 477 
-camphor, 481 
-caprolactone, 231 
cmchomeromc acid, 645 
-cinnamic acids, 441 
-corybulbme, 725 
Isocrotonic acid, 50, 194 
Isocyamc acid, 325 
Isocyamc esters, 326 
Isocyanides, 205 
parachor of, 81 
Isocyanunc acid* 326 
Isocychc compounds, 347 
Isodihydro tetrazmes, 753 
Isoelectric point, 758 
Isoeugenol, 66, 433 


Iso hydrocarbons, 99 
Isoleucine, 219 
l Isoleucine, 143 
Isoleucyl valine anhydude, 223 
Isomenthol, 468 
Isomenthone, 470 
Isomerism, 14 
chain, 19 
dynamic, 62, 64 
geometncal, 32, 48, 57, 60 
keto enolic, 69, 261 
nuclear, 19 
position, 20 
table of types, 71 
Isomers, 14 
boiling points of, 78 
Iso mcotmic acid, 642, 

Isomtnles, 205 
Iso mtioparaffins, 156 
Iso nitroso acetoacetic ester, 261 
Iso nitroso acetone, 178, 255 
Iso nitroso cainphoi* 479 
Iso mtioso ketones, 249 
Iso paraffins, 99 
Iso pelletienne, 677 
Isophthalic acid, 445 
Isopiene, 11B, 353 355, 579 
and terpene structiue, 484 
conversion into rubber, 353, 354 
synthesis of, 115 
Isopropyl alcohol, 141 
p Isopropyl benzaldehyde, 432 
Isopiopyl benzene, 371 
Isopropyl carbinol, 142 
Isopropyl chlonde, 120 
Isopurpurm, 543 
Isoqiunolme, 659, 860 
Iso lliamnose, 296 
Iso senne, 234 
Isosuccmic acid, 27° 
Isothiocyamc estexs, 328 
Isourea, 334 
Iso uropoiphyim, 574 
Isovaleraldehyde, 166, 484 
Isovaleric acid, 188 
Isoxazole, 624 
Isoxazoles, 623 
Isuiettn, 330 

Japanese camphor, 477 
Junket, 767 

Kairme, 658 
Kairoline oxide, 56 
Kairolinium salts, 54 
ICampherol, 787 
Kephalin* 192 
Keratin, 765* 

Kermic acid, S 3 1 
Kerosene, 105 
Ketene, 181 
Ketenes, 179 
Ketmes, 739 
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Keto enohc isomerism* 65* 69* 253, 

261 

Keto lieptamethylene, 272 
hexamethylene, 272, 463 
Ketohexoscs, 305 
Ketones, ahph ittc, 166 , 178 
aromatic, 433 
detection of, 1 S3 
formation of, 167 
identification of, 1/2 
reactions of, 168 
Ketonic acids, fitty, 253 
a Ketonic acids, formation m oiguiism, 

255 

j 3 Ketonic esteis, tautomeiism in, 69 
Ketonic hydiolysis, 260 
Keto pentametliylene, 272 
-pyiazolidme, 607 
pyra^ohne, 607 
Ketoses, 287 

conversion into aldoses, 292 
recognition and isolation of, 290 
transfoimation of aldoses into, 290 
Ketoximcs, conhgui ition of, 58, 59, 514 
inti imoleculai rearrangement of, 58, 

173 

Kctyls, metallic, 510 

Kiesclguht, 245 

Kmo t inn in, 455 

Kolbc's clectiolytic synthesis, 103 

Kopropoiphynn, 575 

Koumiss, 311 

Kryptopyirole, 573 

carboxylic icid, 573 
Kyniuemc acid, 593, 657 
Kynurine, 65s 

Laar theory of oscillation, 62, 63, 64 
I actacidogen, 314 
Lactalbumw, 764, *766 
I actaldehyde, 177 
Lactams, 215 
Lactic acids, 227 
optical rotation, 91 
steicoisomeusm of, 34 
Lactic fet mentation, 137, 238 
I actides, 226 
Lactobicmic acid, 310 
Lactoglobulm, 764, 766 
Lactones, 208, 226, 230 
Lactophemne, 417 
Lactose, 310 
Laevulmic acid, 264 
aldehyde, 355, 5^4 
T aevulose, 305 
Lakes, 404 

Lassmgm's test for mtiogen, 3 
Latex, 353 

Laubenheimers reaction, 556 
Laudanum, 7x7 
Laudanosme, 717 
Laurehne, 725 
Laurotetanme, 725 


Lauth's violet, 749 
Lead ilkyls, 129 
oleate, 195 
plastei, 191 
tetiamethyl, 129 
tnaiyls, 129 
Leathei, 457 

Le BeVs theory of stereoisomerism, 33 
Lecanouc acid, 453 
Lecithins, 103 , 239 
Lemon grass oil, 179 
Lemons, oil of, 466 
Lepidme, 65 r, 709 
Lepidone, 651 
Lepidopterines, 346 
Leucanilme, 503 
Leucamine, 508 
/ Leucme, 143, 213 
Leuco bases, 499 
rosolic acid, 508 
/ I eucyl d glut unic acid, 223 
Leucyl glycyl glycine, 222 
/ Leucyl tnglycyl / tyrosine, 223 
I eucyl valine anhydride, 767 
Leukoptei me, 346 
Lichemn, 314 
Lichens, depsides in, 453 
JLiebtrmann 1 $ rutioso leaclion, 162 
Light oil, 368 
Lignin, 318 
Lignocenc acid, 192 
Ligrom, 105 
Lunonene, 37, 466 
tetiabionndes, 466 
I inamann, 306 
Linolcic acid, 196 
Linseed oil, 196 
lipase, 138, 190 
Lipoids, 193 
Lithochohc acid, 485 
I ilrnus, 419 

I ocal anaesthetics, 439, 700, 702 
Loipomc acid, 710 
I one pair of electrons, 30 
Loplune, 752 
Lophophorine, 671 
Loretme, 654 

Low tempeiature carbonisation process, 
xoi, 106, 368 
Imbricating oil, 105 
Lupanine, 703 
Lupmene, 703 
I litem. 784 
Luteolm, 030 , 787 
I ulidincs, 642 
Lutidimc acid, 64$ 

Lycetol, 739 
Lycopene, 784 
Lycopin, see lycopene 
Lyddite, 416 
Lyotropic senes, 756 
Lysine, 220 
Lysol, 413 
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Martunn, 455 
Madder, 540 
Magda! 1 led, 745 
Magenta* 503 

Magnesium alkyl halides, 127 Sec also 
G? ignat d reaUion 
alkyls, 127 

Magnetic rot it ion, 93 
Malachite gieen, 501 
Maleic ictd, 49, 274 
oxidation of, 47 
Maleic anhydride, 274 
Malainoid stiuclme, 50 
Malic acids, 277 
Maiomc acid, 267 
eslct, 69, 2GB 

eslei, use m synthesis and electro 
synthesis, 268 
Malonyl tiiea* 337 
Malt, 137 
Malta^c, 298 
Rialto-bionic acid, 311 
Maltose, 137, all 

synthesis of, 312 
Malt sngai, 311 
Mnlvidm, 787 
chlondc, 788 

Mandchc acids, 37 s 38, 440 
cslcufit Uion of 7 acid with menthol, 

4 1 

Mandclonitule, 46 
Manna, 246 
Mannitols, 246 
d Mannomc acid, 293, 304 
d Man no-nonose, 306 
d Mtinno-sacchai ic acid, 304 
d Mannose, 301, S 04 

/-Mannose* 301, 804 

A fa? kowntkoffis rule, 110 
Mmsh gas, 101 
Martins yellow, 526 
Mash, 137 
Mauveinc, 745 

Meadow Saffron alkaLoids, 736 
Mecomc acid, 030 , 664 
Meconmc, 719, 720 
synthesis of, 721 
Melamine, 329 
Me lan ms, 765, 774 
Mctdolds blue, 749 
Mehlotic acid, 449 
Melinite, 416 
Mclissic acid, 192 
Mellssyl alcohol, 144 
Mehtose, 312 
Melitriose, 312 
Mellmc acid, 446 
Melting-pomt, 75 

ns criterion of puuty, 76 
of mixtiues, 76 
M&ndiud reaction, 160 
Menthadicnes, 466, 467 
Men thane* 466 


Mcnthenes, 466 
Menthol, 467 

Menthols, configuiation of, 468 
nco , tso neotso , 468 
Menthone, 468 

Menthyl esteis, rotation of, 9^ 92 
Meicaptals, 152 
Meicaptans, 151 
Mercaptides, 131 
Meicaptols, 152 
Mercerised cotton, 318 
Merciuy alkyls, 129 
fulminate, 330 
Mcroqumene, 705, 709, 710 
Mesacomc acid, 275 
Mesitylene, 178, 365, 873 
Mesityl oxide, 17b 
Meso compounds, 36 
Meso tartauc acid, 36, 281 
Mesoxahc acid, 283 
Mesoxalyl uiea, 340 
Meta compounds, 359 
Metadiazines, 737 
Me tafoim aldehyde, 175 
Metaidehyde, 176 
Metallic ammmes, 422 
Metallic ketyls, 510 
Metals, detection of, 4 
estimation of, 9 
Metamerism, 14, 21, 71 
Metamhc acid, 407 
Mctlncryhc acid, 194,108 
Methtemoglobin, 572, 773 
Methane, 101 
Methanol, 13$ 

Mcthcnyl, 18 
Mcthine t 18, 99 
Methionine, 234, 762 
Metho, 100 

Metliovmyl benzene, 370, 373 
3 Metlioxy 4 acetoxy plienantluaqumonc, 
5S4, 868 

$ Methoxy benzaldehyde, 433 
p Methoxy benzoic acid, 448 
3 Methoxy 4 6 dihydioxy phenanthrenc t 
730 

2 hi ethoxy diphenyl 2 carboxylic acid, 489 
Methoxy group, estimation of, 666 

3 Methoxy 4 hychoxy - phenanthia- 

epunone, 730 

3 Methoxy 4 hydroxy phenanthrenc, 552 

4 Methoxy 3 hydroxy phenantlnene, 554 
6 Methoxy lepidine, 653 

p Methoxy mtrostyiole, 670 
Methoxy phenanthrenes, 551 
4 Methoxy qumaklme, 655 
6 Methoxy qumolme, 654 
Methoxy sucemic acid, rotation of, 91 
6 Methoxy tetrahydro qumolinc, 6g8 
Methyl, 18 
free ladical, 99 

1 Methyl-2 acetonyl piperidine, 677 
Methyl acetyl pyridine, 640 
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Methyl acetylene, 116 
Methvlal, 176 
Methyl ilcohol, 135 
electronic formula, 29 
fiom water gas, 135 
Methylannne* *63 
Methylammo adipic acid, 5 S3 
ft Methylammo ciotonic anilide, 617 
Methyl p ammo •m liydioxy benzoate, 
448 

Methyl aniline, 385 
Methyl anthiamlate, 439 
Methylated spirits, 135 
Methylated sugars, 297, 299 
Methylating agents, 148 , 159, 165 
Methylation, exhaustive, 578, 647 
y Methyl benzoxazole, 416 
a Methyl but idicnc, 115, 648 
ft Methyl butadiene, 115 
Methyl caoutchouc, 354, 355 
cephalcm, 724 
chloride, 122 
commc, 672 
coumarones, 585 
cyimde, 205 

3 Methyl cyclohexanone, 470 
1 Methyl cyclohexylltlcne 4 acetic acid, 
462 

Methyl cyclement 111c, 349 
Methyl diammo antlnaquinones, 540 
Methyl dichloioaisme, 129 
Methyl dilceto piperazine, 223 
Methyl disulphide, 153 
ft Methyl divinyl, 116 , 579 
Methylene, 18 
Methylene azure, 750 
blue, 748* V49 
chloride, 123 
dimalomc ester, 272 
green, 750 
iodide, 124 
Methyl ether, 149 
Methyl ethyl acetic acid, 188, 269 
ethyl aniline oxide, 56 
ethyl caibinol, 142 
ethvl ethylencs, 114 
ethyl maleimmide, 573, 574> 782 
ethyl malonic acid, 268 
ethyl ft naphlhylamme oxide, 56 
ethyl propyl isobutyl ammomum 
chloncle, S3 
-ethyl pyridine, 642 
-ethyl thetme bromide, 61 
furanej 583 

glucosides, a and ft , 297 , 299 
glycme, 218 

-glyoxai, 25s 
ft Methyl glyoxalme, 303 
N Methyl glyoxaline, 622 
Methyl heptenone, 178 
hydiocaoutchouc, 355 
imma^ole, 303 

Methylimmo group, estimation of, 666 


Methyl indoles, 590, 591, 692 
iodide, 122 
isopelletieime, 677 
isopropyl carbmol, 142 
isopiopyl phenanthrene, 559 
isoxazolone, 261 
ketene, 181 

magnesium iodide, 128 
-malonic acid, 270 
malonic ester, 268 
mercaptan, 151 
moiphenol, 732 

-morphimethmc, 554 * 729, 730, 732 
moipliol, 552 
naphthalenes, 524 
oiange, 405 
oxalate, 267 
pentoses, 296 

9 Methyl phenantlnene, 549, 736 
Methyl plieuyl oxazole, 624 
Methyl piperldmc, 648 
n piopyl carbinol, 142 
pyra/olc, 65, 615 
Methyl pyridmes, 641, 642 
1 Methyl 2 ft pyiidyl pyirole, 679 
pyrrole 2 5 dncetic ester^ 689 
pyirolidme 2 carboxylic acid, 678 
pynohdine 2 5 acetic estei, 689 
4 qutnaldone, 655 
Methyl quinolines, 651 , 60S 
Methyl succinate, 271 
succinic acid, 271 
sulphate, 148 
sulphide, 152 

tetrahydro papaveime, 717 
tellahydroplithalic anhydnde, 365 
thiophenes, 586 

7 Methyltluol a amniobutync acid, 234 
ci-Mcthyl tiopidme, 695 
Methyl uuazd, 26r 
Methyl violet, 505 

Metol, 4*7 
Me/caline, 671 
Mtchhi *s ketone, 386, 486 
Micio analysis, 10 
Middle oil, 368 
Milk sugar, 310 
MU Ion's test, 763 
Mineral oil, 100, 404 
pitch, 107 

Minor image forms, 33, 71 
Molasses, 218, 808 

recovery of sugai from, 309 
Molecular asymmetiy, 32 
compounds, 422 
conductivity, 82 
formula, 12 
inductive capacity, 86 
magnetic rotation, 93 
Molecular configuration and physio 
logical activity, 40 
Molecular lefraction, 86 
rotation, 88 
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Molecular stiucture, 14 
vibiation, 74 
volume, 79 

weight, determination of, 11, 13 
Mott sc Ns test, 293 

Molybdates, influence on optical 1 otation 
33 

Moment, electrical, 84 
Monobasic acids, aliphatic, 181 
aromatic, 435 
Monobromo indigo, 603 
Monochloro ethylene, 126 
Monocyclic teipenes, 465, 466 
Mono nucleotides, 771 
Monosaccharides, 287 

family relationships of, 288 
nomenclative, 287, 288 
quantitative estimation of, 289 
Monovalent 1 ad 1 cals, 99 
Mordant dyes, theory of, 544 
Mordants, 188, 404 
Morin, 086 , 787 
Mounga tannin, 455 
Morphenol, 552, 664 , 729 
Moiphme, 552, 554, 726 etseq 
alkaloids, 726 

foimula foi, 733 

Morphol, 663 , 729 
synthesis of, 552 
Morpholine, 238 
Morphol qumone, 558 
Morphothebaine, 555 
Mucic acid, 305, 566 
Mucins, 765, 773 
Mucoids, 773 
Mucomc acid, 23 
Murexide, 340 
test, 340 
Muscarine, 240 
Muscone, 351, 352 
Musk, artificial, 380 
Musk seed oil, 231 
Mustaid gas, 152 
Mustard oils, 328 
Mutarotation, 88, 29 S 
Mydnasme, 703 
Mydrine, 672 
Myosin, 764, 760 
Myncyl alcohol, 144 , 189 
Myristicm, 721 
Myrtilhdin, 787 

Naphtha, 105 
Naphth acene, 559 
Naphthacridines, 661 
Naphthalene, 517 
tt-N aphthalene azo-p-naphthol, 527 
Naphthalene carboxylic acids, 532 
dichloride, 523 
diozomde, 523 
picrate, 517 

-sulphoglyane, 223, 225 
-sulphomc acids, 525 


Naphthalene tetrachloride, 523 
Naphthahc acid, $33 
anhydride, 533 
Naphthanthracene, 559 
Naphtha plienazme, 741 
Naphtha quinolmes, 650, 659 
Napbthaqumone monoximes, 532 
p Naphtha qumone 2 oxime, 525 
Naphthaqumones, 531 
Naphthasultone, 527 
Naphthaline, 741 
Naphthenes, 104, 112, 469 
Naphthenic acids, 463 
Naphth ionic acid, 528 
« Naphthoic acid, 5 2 °j 682 
/3 Naphthoic acid, 533 
Naphthol aldehydes, 526 
Naphthol blue, 749 
a Naphthol blue, 425 
a Naphthol disulphonic acids, 526 
Naphthol gieen, 332 
Naphtliols, 525 

Naphthol sulphomc acids, 526 
Naphthol yellow S, 526 
Naphthylamines, 528 
hydrogenated, 528 
£ Naphthyl methyl etliei, 526 
Narceine, 722 
Narcotme, 719 
Natural gas, 101 
Neoisomenthol, 468 
Neomenthol, 468 

Neopme, 733 
Neosalvaisan, 411 
Neradol, 176, 458 
Nerol, 145 
Nerolm, 526 

Neuberjfs theory of alcoholic feimenta 
tion, 139 
Neurme, 240 
Neutral red, 743 
Nevtie and JVtnther*s acid, 526 
New blue R, 749 
New Fuclisine, 504 

Nickel, estimation by dimethyl glyoxune 
250 

Nicoteme, 681 
Nicoteiline, 681 
Nicotimine, 681 
Nicotine, 679 
d Nicotine, 681 
/ Nicotine, 91, 680 
Nicotine methiodides, G80 
Nicotinic acidj 642, 644 
methyl betame of, 68 x 
Nicotynne, 679 
Nigraiiilme, 382 
Nile blue, 749 
Ninhydrin reaction, 764 
Nitrammes, 163 
Nitranilmes, 383 
Nitric acid, estimation of, 628 
Nitric esters, 148 
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1 lies, 183, 184, 205 

iydroIysis with phosphoric acid, 438 

l o acetic \cid, 210 

ro ncetonitnle, 205 

lo-ali/arm, 542 

htio mthracene, 536 

Iitio anthraqmnonc, 539 

io-anthiaquinone sulphomc acids, 539 

ro ben/aldehydes, 432 

ro benzene, 379 

lectiomc stnictuie, 31 

tio-benzene sulphomc acids, 406 

tro benzoic acids, 438 

tro catboxyhc acids, 210 

celluloses, 319 

chlorobenzenes, moments of, 85 

chloio ben/aldoximes, 59 

tfitro cinnamic acid, 442 

tro compounds, aliphatic, 154 

tio-compounds, aromatic, 376 

3ehavlour on 1 eduction, 377 

tro diphenic acids, 557 

'•Titio diphenylamme, 390 

'Tktro diphenylene-glycolhc acid, 493 

tro erytlmtol, 246 

^ltio ethyl alcohol, ill 

tio ethylene, 157 

^ltio fluoienone, 493 

trogcn, detection of, 3 

estimation of, 6 

tcrvalent denvatives, 52 

steieochemistiy of, 52, 57 

valencies, inequ ility of five, 56 

ittogen diphenyl, 400 

itrogen, divalent, 389, 390, 400 

itioglycenne, 244 

it 10 gioup, polaiity of, 8r, 84 

itro guamdme, 334 

-smina/ole carboxylic aud, 623 

-hsatm, 596 

itiolic icid, 156 

Nitro mandebc acid, 595 

itromeier, SchtjjP^^ 0 

itro methane, 154 

itron, 628 

it 10 naphthalenes, 519, 524 
Nitio 1 n iphthyl glycine, benzoyl deri 
vative of, 45 

-Nitio r p mtiophenyl 3 methyl 
pyrazolone, 617 

Urn phenanthraqumones, 493, 657 
itio phcnanlhiencs, 550 
itto phenolic ethers, 426 
itro phenols, 415 
tautomerism of, 427 
1 ST ittophenyl icctic aud, 598 
Nitrophcnyl lactyl methyl ketone, 599 
~ Nitioplienyl piopioltc acid, 442 , 594, 
595, 598 

Nitio phthahe acid, 144, 5 l °i 5*9 
htio pseudomtio system, 0$, 72 
Iitro pyiazole, 611 
-qumolmcs, 653 


Nitio salicylic acid, 596 
Nitiosammes, aliphatic, 161, 162 
aromatic, 385, 386 
Nitrosates, iio, 465 
Nitiosites, 1 io, 465 
0 Nitroso amsole, 426 
Nitioso benzene, 377, S8B 
o Nitroso benzoic acid, 432 
Nitroso butane, 154 
carboxylic esteis, 208 
chlorides, no, 465 
Nitroso compounds, aromatic, 388 
Nitroso compounds, fatty, 15 \ 
p Nitroso dimethyl aniline, 163, 386 
Nitioso methyl methane, 165 
Nitroso naphthols, 525, 532 
a Nitroso /3 naphthol sulphomc acid, 532 
Nitioso omndole, 596 
o Nitroso phenol, 426 
p Nitroso phenol, 426 
Nitroso phenyl hydioxylamme, 389 
Nitioso pyrroles, 568 
p Nitio stilbene, 5 12 
Nitrosyl meicaptides, 152 
/3 Nitio tetralm, 524 
Nitro thiophenes, 5^7 
toluenes, 379 

toluene sulphomc acid, 439 
-urethane, 332 
Nitious esteis, 148 

Nomenclature of organic compounds, 95 
Nonanes, 105 
Nonoses, 287, 288, 306 
synthesis of, 292 
Non polar molecules, 83 
Nopmcnc, 474 
Nopmtc acid, 474 
Noiccgomdme, 703 
Norhydio tropidme, 682, 683 
Normal hydtocarbons, 99 
Noinaicotme, 719 
Nortiopane, 682, 683 
Nortropanol, 683 
Novocame, 439 
Nucleai liomologues, $77 
Nuclcai isomensm, 19, 71 
Nucleopiotems, 7 ^S> 

Nuclei, condensation of aromatic, 56° 

Nucleic acids, 77 ° 

Nucleins, 345, 770 
Nucleosides, 771 
Nucleotides, 771, 77 2 
Number of optical isomerides, 35 

Nutrose, 767 
Oak tannin, 455 

a Octa amylose, 315 
Octadekapeptide, 223 
Octahydro antluacene, 536 
Octamethyl suciose, 310 
Octane 2 7 chone, 264 
Octet, 28 
Oclinic acid, 197 
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Octosesj 287, ?88, 306 
(Kmdm, 787 
CEnin, 787 
Oil, almond, 193 
citronella, 145, 475 
dill, 466 
geranium, 145 
hemp, 396 
illuminating, 105 
lemon-giass, 145 
linseed, 196 
mineinl, 104 
Oil of aniseed, 433 
of bitter almonds, 430 
of cassia, 433 
of cinnamon, 433 
of cubebs, 482 
of cumin, 466 

of eucalyptus, 372, 469, 482 
of gmger, 475, 482 
of lemons, 466 
of orange rind, 466 
of parsley seeds, 196 
of peppeirmntj 467, 468 

of poppy seed, 196 
of rosemary, 469, 475 
of thyme, 372 
of turpentine, 474 
of wmtei green, 447 
of woimseed, 469, 482 
Oil, olive, 195 
lose, 145 
spike, 475 

valerian, 475 
Oils, essential, 464 
vegetable, 189 

Oil tanning, 457 

Olefines, io 8 

Olefimc terpenes, 145, 464 

Oleic acid, 189, 106 

Gleiri, 189 

Olive oil, 195 

Oft turn bases, 497 

Open chain tei penes, 145, 464 

G pi a me acid, 7 * 9 * 72 ° 

Opium alkaloids, 716,726, 727 
Opsopyuole, 573 
Opsopyrrole caiboxylic acid, 573 
Optical activity, 32, 87 

of lomsable compounds, 91 
Optical antipodes, 32, 34 
conditions foi existence, 42 
difference m physiological action, 40, 
280, 282, 681 
foimaticm m nature, 48 
Optical omntiomorphs, see antipodes 
Optical mveision, 89, 278 
Ophcahsomerides, jw optical antipodes 
number of possible, 35 
Optical isomerism, 32, 71 
of nitrogen compounds, g2 
of sulphm compounds, 60 
Optical properties, 86 


Optical rotation, 87 
Orange G* 527 
Orcein, 419 
Orcmol, 419 
Orcyl aldehyde, 451 
Oidoval, 458 

Oiguuc chemistry, definition of, 1, 2 
Orgatio genetic elements, 2 
Oigano magnesium halides, 127, 134, 157, 
167, 184, 200, 236, 331, 371, 372, 448, 
$68 

Organo metallic compounds, 126 

Ornithine, 210 

Ormthiuic acid, 216 

Orseille. 419 

Orselhnic acid, 419, 451 

Ortho carbonic esters, 330 

Ortho compounds, 359 

Orthodiazmes, 737 

Orthoform, 448 

Ortho foimic ester, 184, 198 

Osazones, 249, 290 

Oscillation tlieoiy of tautomeiism, 62, 
63, 64 

Osones, 291 
Osotetrazmes, 752 
Osotna/oles, 626 
Ovalbumin, 761, 764, 766 
Ovoglobulm, 764 
Oxalic acid, 266 
Oxalo acetic estei, 284 
Oxalo succmic estei, 284 
Oxaluric acid, 338 
Oxalyl urea, 337, 338, 340 
Oxamic acid, 267 
Oxamide, 267 
Oxantliranol, 538 
Oxanthronyls, 53S 
Oxazimes, 748 
Oxaztne dyes, 747 
Oxazmes, 737 
Oxazoles, 623 
Oxazones, 748 
Ox gill, 234 

Oxidation at p carbon atom, 183 
Oximes, 172 

Oximes, stereoisomensm of, 52, 57 
determination of configuration, 58, 59 
a Oximmo isobutyl acetic eslci, 219 
Oxmdole, 594 
Oxo group, 97 
Oxo acids, 211, 253 
Oxonmm salts, 128, 556, 633, 788 
Oxycelluloses, 318 
Oxydiazoles, 627 
Oxygen, detection of, 3 
estimation of, 9 
Oxygen, tetravalency of, 632 
Oxyhcematin, 571 
Oxyhsemoglobin, 671, 760, 77s 
Oxy methylene, 175 
Oxy methylene acetone, 6ig 
Ozokerite, ioo, io7 
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lienyl ahnine, 440 
hcnyUmino acetic icid, 599 602 
Phenyl ammo crotomc estei, 651 
henylamsyl ketoxnnes, 58 
henyl a/umrio benrene, 606 
henyl butylene, 519 
butync icid, 38 
1 u burnt cslci^, 384 
Phenyl 2 3 dimethyl pyrazolone, 618 
henyl dithio iimolulone, 627 
lu nylcne- u sonic antimonic acids, 408 
‘hcnyluic blue, 426, 744 
Phenylenc diacetic acid, 522 
’hcnylcnc diammes, 337, 623 
■henyl estets, 414 
►henyl ethyl alcohol, 429 
r Phenyl glucos izonc, 290 
►henyl glycine, 599 602 

gdycine-fl c nboxylic acid, 600 
glycollic icid, 440 
glyox vise acid, 140 
liydia/me, 398 
hydta/oncs, ihph die, 172 
hydioxylaimne, 377, SCO 
lodochloi ide, 374 
lsouolnmc acid, 520 
isocyanate, 384 
-indole* 590 

-methyl glut aeon ic cstci, o/omsatson 
of, 67 

methyl hydianno, 290 
1 Phenyl - 3 methyl 4 dimethyl pyiazo 
lone, 617 

Phenyl methyl isoxazole, 624 
1 Phtnyl-3-meth} 1 5 methoxy pyiazolc 
and us mcthiodidc, 618 
t Phenyl”3^vnetliyl p>i i/ole, 613* 614 
1 Phenyl 5-mt thyl pyra/olc, 614 
1 Phenyl-3-mcihyt 5 pyt i/olone, 616, 6x8 
Phenyl nuistud oil, 3^4 
Phenyl mtio uetoniUile, 512 
a Phenyl a nitiocinnamic acid, 548 
a phenyl 2-mt 10 3 4 dim ethoxy unnamic 

and, 553 

Phenyl nitiometh mesj 72, 16G 
-phen i/«nuiin cliloi ide, 744 
-piopionit acids, 44° 
i-Phcnyl-pyi .i/ole, 613 
I-Phenyl pyr i70lme, 613 
Phenyl quin one diimmc, 425 
Phenyl qumont iminc, 42S , 

«-Phenylqumolme / caiboxylic acid, 657 

Phenyl rosindulinc, 745 f 

rosin cliilmt disulphontc aciclj 74^ 

a ilicyl ile, 447 

salicylic acid, 036 
a- Phenyl-s til bene, 512 

Phenyl sulphides, 

Phenyl-faulphunc and, 4 H 
h tolyl-icettc acid, 38 

x ^ 3 tna/olc, 627 
tnazene, 397 
uie i, 3^4 


Phenyl uieido acids, 213 
ui eth me, 384 
Phlorobenzophenone, 434 
Phloroglucinol, 410, 788 
methyl etliei, 788 
Phloxmes, 445 
Phorone, 17S 
Phosgene, 330 
Phospliagen, 335 
Phosphatides, 192 
Phosphine, 663 
Phospho pioteins, 764, 766 
Phosphouc esters of carbohydiates, 289 
Phosphoms, detection of, 4 
estimation of, 7 
Pliototropy, 74 
Phthalazines, 740 
Phthaleins, 443 
Phthahc acid, 442 
anhydride, 443 
Phthahde, 443 
Phthalimide, 445 

use in piep umg ammo acids, 211 
use in preparing primaly amines, 445 
Plithabmido piopyl bromomaiomc ester, 
580 

Phthalophenone, 443 
Phtlmlyi chloride, 443 
Phthalyl glycine ester, 211 
Phyllins, 77s, 783 
Phyllo cyamn, 575 
-poiphynn, 575, 782 
-pyrrole, 573 

p>trole carboxylic acid, 573 
Physical propeities of compounds, 72 
Physiological action and moleculai con 
figuiation, 40 

Phytochemical reduction, I34 j t 39 i 

Phytochloun 777, 780, 781 

Phytochloims, 780, 783 

Phytol, 143, 777 

Phytoihodm # 777* ^SO, 7S1 

Phytoihodms, 780, 783 

Phytosteiol, 484 

Picene, 559 

Picohnes, 642 

Picolinic acid, 642, 644 

Picramide, 416 

Picric acid, 4*5 

Piciolomc acid, 617 

Picryl chloride, 416 

Pilocaipine, 622 

n Pimelic acid, 272, 647 

Ptnacol, 283, 354 
Pmacohne, see pmacolone 
Pmacolone, 236 
Pmacone, see pmacol 
Pmacyanol, 654 
Pinene, 37, 474 

hvdrochloiide, 474 
nitioso chloride, 475 
Pimc acid, 475 
Pmomc acid, 474 
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07 omdes, 111 , 178, 196, 247, 367 
Ozonisation, 59, 67, 111 

Palladium, colloidal, as catalyst, 167 
Palmitic acid, 189 
Pal 1111 tm, 189 
Papavenne, 715, 716 
Papaverohne, 716 
Papei, manufacture of, 318 
Parabanic acid, SS 7 , 340 
Parachor, 79 

of azoxy compounds, 81 
of benzene, 81 
of isocyamdes, 81 
Para compound, 360 
Pai acoumarone, 586 
Para cyanogen, 321 
Paradiazmes, 739 
Paiaffins, 98 
Paiafhn wax, iaG 
Parafoim aldehyde, 175 
Pat a fuchsine, 503 
Pam glyoxal, 247 
Paraldehyde, 170 
Pat a leucamhne, 503 
losaniline, g° 2 
rosamline liydrochlonde, 500 
rosolic acid, 508 
Paichment paper, 319 
Partially racemic compounds, 41 
Partial valency thcoiy of Phtele , 23 
Patari piocess, 135 
Patent blue, 502 
Pectins, 314 
Pebugomc acid, 195 
Pelargomdin, 780 , 788, 790 
chloi ide, 788, 790 
synthesis of, 789 
Pelletierine, 677 
Pellotme, 671 
1 3-Pentadiene, 115 
Penta m digalloyl p glucose, 454 
Pcntaerythritol, dipole moment of, 85 
Pentahydroxy-anthiaqmnone, 544 
Pental, 114, 144 
Pcntamethyl benzene, 372 
Pentamethylene carboxylic acids, 348 
Pcntamethylene diamine, 219, ail 
Pentane, 105 
Pentapeptidc, 223 
Pentaphenyl ethane, 515 
Pentatriacontane, 100 
Pentene, 114 

Pentemc acids, isomerisation of, 65 
A 4 Pentenyl dimethylamme, 579, 648 
Pentomc acids, 289, 295 
Pentosans, 295 
Pentoses, 287, 306 

detection and estimation, 295 
Pepper, 676 

Peppeimint, oil of, 467, 468 
Pepsmases, 793 
Peptide groups, 757, 761 


Per acetic acid, 183 
Pei formic acid, 183 
Pei hydro retene, 560 
Pen denvatives, 52r 
Perkin's i eaction, 441 
Peinigranlime, 382 
Peisulphocyamc acid, 627 
Peiu balsam, 436 
Peiuvian baik, 704 
Perylene, 560 
Peti oleum, 104 
ether, 105 
jelly, 105 
synthesis of, 106 
Petioselic acid, 196 
Phseophytm, 146, 778, 770 , 783 
Phellandiene, 467 
Phenacetme, 417 
Plienacetuiic acid, 2x6 
Phenacyl biomide, 590 
Phenanthia pbenazme, 556, 741 
Plienanthraquinone, 555 
dibiomide, 556 
mttate, 556 
oxime, 55b 

3 sulphomc acid, 559 
Phenanthrene, 546 

10 caiboxyhc acid, 548 
9 xo dibiomide, 549 
pymline alkaloids, 725 
sulphomc acids, 551 
3 Phenanlluol, 553 
3 Phenantluol 4 aldehyde, 553 
Phenantlirolines, 650 
Phcnazine, 741 
Phena/mes, 740 
p Phenetidine, 417 
Phenetole, 414 
Phenol, 412 
betaines, 618 
carboxylic acids, 446 
carboxylic acids, depsides of, 451 
esters and ethers, 414 
Phenolic acids, 446 
ildehydes, 432 
Phenol plithalcin, 444 
Phenols, 411 
dihydric, 417 
monohydric, 412 
polyhydue, 420 
trihydric, 419 

Phenolsulphonic acids, 415 
Phenoqumones, 421, 422 
Phenosafianme, 744 
Phenoxazme, 747, 748 
Phcnoxy anthraquinones, 539 
Phen N-plicnylammo p triazone, 751 
N phenyl dihydro p triazme, 751 
Phenthiazme, 747, 749 
Phenyl acetate, ^14 
Phenyl acetic acid, 440 
Phenyl acetylene, 373 
ncridme, 662 


i 
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Pipeia/me, 240, 739 
Pi peri c acid, 676 
synthesis of, 676 
Pipendinc, 241, 639, 640 
-3 aldehyde, 646 
c\hauslive moth)lation of, 6 (.7 
Pipeline, 675 
Pi pen tone, 470 
Pi pci on il, 483 , 676 
Pipeiykne, 116 , 6 0 
Pitch, 369 
nunci il, 107 
Pnm, 636 

Plane of symmctiy, 37 
Plant globulins, 759, 764, 7QG 
nucleic acids, 772 
pigments, 776 
\iicllms, 764 
PI ismochine, 714 
PI ism011, 767 

Plitinum, colloidal, as catalyst, 167 
PI iltnum pnntmg, 267 
Poison gases, 129, 152 
Pol 11 molecules, 84 
pi opei ties of compounds, 83 
lcguhnties, 83, 86, 90 
substitucntb <mcl optical iotalion, 90, 92 
Polyamyloses, 315 
Poly glyoxal, 247 
Polyhyduc alcohols, 235 
phenols, 417 

Polyhydroxy anthi iquinoncs, 540, 61 i 
Polymcnsation of aldehyde, 170 
Poly in ci ism, 14 , 71, 170, 171 
Polymethylone denvatives, ibomeusm of, 
50, 461 

Poly methylenes, 347 
Polymoiphism, 75 
Polynucleotides, 772 
Polypeptides, 220 
constitution of, 225 
piopeities of, 224 
Polysaccharides, 286, 287, aia 
Poly sulphides, alkyl, 153 

Pomegianate baik, alkaloids of, 677 
Ponceau, 527 

Poppy seed oil, 196 
Porphyrins, 572, 574, 778, 782 
Position isomerism, 20, 71 
Potassium antimony! taittate, 280 
Potassium benzene diarot He, 396 
Potassium caibazole, 605 
cat bonyjf, 420 
cyanide, 323 
feriicyanide, 324 
fenocyamde, 324 
myronate, 328 
picrate, 416 
pyuole, 567, 569 
teti oxalate, 267 
thiocyanate, 327 
xanthue, 336 A 

PregPs method of micio analysis, 10 


Pi unity alcohols, 130 
Pnmaiy carbon atom, 99 
Pnmulme, 626 
base, 626 
Pumveiose, 307 
Piolamines, 283, 766 
Prohne, 579 
Piop mol, 1 \\ 

Propatgyl alcohol, 146 
Piopnig>l aldehyde, 624 
aldehyde, acetal of* 610 
Propaigyhc acid, 197 
Propene, 114 
Piopenyl benzene, 369 
Pioperties of compounds and polar 
chaiactor, 85 
Piopme > 90 
PLopiolic acid, 197 
Propiomldcliydc, 177 
Propionic acid^, 188 
Propyl, 99 

n Piopyl ilcoliol, 141 
n Piopyl benzene, 370 
2 Piopyl 5 bulyiyl-pyiidine, C40 
Propyl caibmol, 142 
Piopylcne, 99, 1 r j. 
n Piopyl ethylene, U4 
« Piopyl pyridine, 6|2 
PiosthctJc gioup, 770 
1’iot mu nos, 76 j, 7G8 
Piotem 1011s, hydiation of, 758 
Piotems, 754 
rlabsi heat ion of, 764 
coagulation of, 760 , 763 
composition of, 761 
conjugated, 765, 770 
constitution of, 774 
ctyst illis ition of, 759 
denuUuation of 756 
gold mimhci of, 759 
h ilogc nation of, 762 
PioUMns, hydrolysis of, 3 10 
mothyiation of, 762 
TP nictbyl numbci of 762 
moleculai weiglit of, 760 
polypeptides fiom, 223 
icactions of, 762 
lcveisible piccipit Uion of, 756 
simple, 76^ 765 
souice of mtiogen in, 761 
Boiuce of sulplun in, 762 
structiuc of, 774 
Protocatcchuic and, IBO, 788 
Piotons, 27 
Piotoporphyim, 575 
Piotopme, 724 
Pi ussic acid, 322 
Pseudo icida, 156 
cocaine, 70 e 
conhydune, 675 
cumene, 372 
-ephedrme, 671 
fbnns, 63, 64 
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Pseudo ionone f 179 
metal, 164 
-mucins, 773 
mtiolSj 157 
pel W, tier me, 677 
Pacudoraccmic nrmtuie, 34 
Pseudo sysnmetiy, 44 
Psicame, 702 

Psycholnnc, 724 

Pteuncs, 346 
Ptomaines, 2 lo 
Pukatcmc, 725 
PuLegonc, 470 
Purine, 338 

deuv Hives, as 1 ?, 622 
Puronc, 341 
Pmplc, lucnch, 419 
of the indents, 605 
I yrinn, 605 
Pur pm in, 542, G 4 B 
Futicscmc, 241 

ongin m organism, 219 
Pyinnudone, 620 

Pymnosc structuic foi sugais, 300 
By ravine, 739 
PyraAmes, 739 
Pyra/olc, 609 

bases, sepaiation of, 612 
blue, 617 

c irboxylic acid, 612 
dicaiboxylic acid, 610 
ditarboxyhc ester, 609 
Pyiazolcs, 251, 00*7 
Pym/olc senes, lautomerism in, 614 
Pyrazolc-Milphonic acid, 611 
-tucaiboxyhc acid, 609 
-tncarboxylic estei, <109 
Pyrazolidmcs, O07, 614 
Pymrohdone, 607 
Pyrazolmc, 607, 609, G 14 
teaction, 613 
-tiicutboxyhc ester, 609 
Pyi a/olortes, 607, 611, 01a 
Pyrene, 559 

Pyi ida/uu s, 737 

Pyi Kline, 637 

caiboxyhc icid, methyl betame of, 645 
caiboxyhc icids, 643 
p caiboxylic diethylamide, 644 
ethio elide, 640 
Pyndme fcirocyamcle, 638 
mercaptaiib, 641 
mtuition of, 641 
perchlorate, 638 
sulphuuc anhydndc, 638 
234 tnraiboxylic acid, 657, 717 
Pyudoncs, 643 
from pyiones, 631 
I J ynclyl hydrazines, 641 
pyrroles, 570, 679 
Pyiilium derivatives, 637, 78b 
Pyrimidine, 738 
Pyrimidines, 787 , 770 


Pyiocatechm, see Catechol, 417 
Pyiocomemc acid, 631 
Pyrogalhc acid, 419 
Pyrogallol, 419 
Pyroglutimic acid, 566, 583 
Pyroligneous acul, 135 
Pyiomecomc acid, 631 
Pyromucic acid, 583, 585 
a Pyione, 630 
7 Pyi one, 630 

Tyrone caiboxyhc acids, 631 
Pyione salts, 632, 63 i 
Pyjo-racemtc acid, 253 
tartaric acid, 271 
teiebic acul, 231 
Pyioxylm, 319 
Pyi role, 248, 27 r, 562, 666 
2-aldehyde, 576 
azobenzene, 567 
et-carboxyhc acids, 568 
-carboxylic acids, $ 7 2 i 573 > S 74 > 
conversion into pyndme, 568 
-disazobenzene, 5^7 
group, $62 

homologues of, 570, S73 
-mdophenme, S9^ 
magnesium halides, 568 
led, 567 
test foi, 567 
Pyriolidine, 241, 577 
caiboxyhc acids, 565, 679 
2-dicaiboxyhc acid, 580 
Pyrrolidines, 563, 678 
Pyriohdone 5 carboxylic acid, 582 
Pyrrolidones, 563, 565 
Pynolme, 5 ^ 3 > 

Pyrrolones, 563 
Pytuvic aldehyde, 255 
Pyiyhum salts, 637 
Pyiuvic acid, 139, 355 

leactivity in organism, 255 

Qualitative analysis, 3 

Quantitative analysis, 5, 9 

Quaternary ammonium compounds, 15S 

Quaternary caibon atom, 99 

Quebracho wood, 457 

Quetcetin, 456, 686, 787 

Queicitin, 636 

Quercitol, 462 

Quick vinegar process, 186 

Qumaldine, 653 

disulphonic acid, 653 
synthesis, 650 
Qmnaldmic acid, 656 
4-Outnaldone, 655 
Qutnazohnes, 740 
Qumene, 708 
Qumhydrones, 421, 422 
Qumic acid, 468 , 664 
Quinicine, 71 3 
Qumme, 704 

constitution of, J12 
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immir acid, 05 * 7 , 706 
iminone, 713 
imilol, 50, 401 
mm), 418 
l mol me, 649 
8 aldehyde, 656 
4 c uboxyhc acid, 050 , 706 
caiboxyhc acids, 656 
deuvxtivcs, oxidation of, 652 
^ 3 dir uboxylic icul, 661 
sulnhonic acids, 653 
yellow, 653 

nnolimc acid, 644 , 652 
imoloncs, 654 
t^umoloncs, 619 
iimolyl uibinds, 656 
uinolyl ketones, 65C 
Liinone, 421 
yumone, 421 

umonc benzoyl phcnylhydiazone, 426 

uni one chlm imine, 424 

111 none di mil, 746 

urnone di i/idcs, 398 

union c dichloio diimine, 424 

uinonc diimine, 423, 421 

mnonc mime, 423, 424 

u 1 none phenylhydta/ones, 426 

uinones, \0hm1et11c estimation of, 421 

umommomum salts, 424 

'll monoid compounds, 420 

►umonoxnnes, 425 

lumotinc, 714 

tmnotoxinc, 712 

hunoxahnes, 387, 740 

Hiilcmnc, 707, 708 

‘ncuYiK acid, 280 
stiuctuic of, 37 
resolution of, 4°) 4 T 
Uitemir alcohols, lesolution ol, 41 

tacunu compounds, 34* 37 
dissociation in solution, 34 
laccimc mixuuc&» 34 
taccmisaUon, 87 , 280 
mechanism of, 37, 38 
<ftcemis ition, asymmctnc catalytic, 39 

< acid, 526 
Radicals, e8 

existence of free, 99 j 3 ^ 9 » 39 °i 4 °°> 

509, bti 

iaftinosc, 312 
tanialu acid, 45 1 „ 

Reactivity of benzene derivatives, 364 

[Refraction, molecuUu, 86 

Retmet I temann leaction, 432 

Ron n in, 766 

Residual affinity, 23 

ERcsm, 474 , n , , 

IRcsimficalion of aldehydes, 171 

Resolution of ammonium salts, S 3 

of laccimc acid, 40, 41 

of 1 iccmic alcohols, 41 

of lacomic compounds, 39 


Resorcinol, 418 
diethyl ethei, 418 
tautomensm of, 418 
Restricted rotation, theoiy of, 4^ 

Retene, 482, 559 
Rhamnetm, 636 
Rhamnitol, 246 
Rhamnose, 296 
Rhodanunes, 445 
IRhodophyllin, 778 
rtf-Ribose, 296 , 771, 772 
Ribose phosphoric acid, 771 
Ricmme, 675 

Ricinoleic sulphuric acid, 542 

Ring chain tautomensm, by 

Ring compounds, lelative stability of, 

349 

Ring homology, 577 
Rivanol, 662 
Roccelhn, 527 
Rochelle salt, 280 
Rodinal, 417 
Rongahte C, 176 
Rosamlme, 502 

dye bases, constitution of, 506 
Rose Bengals, 445 
Rose oil, 145 

Rosenmun$s reduction method, 167 
Rosin, 474 
Rosmdone, 746 
Rosmdulme, 745 
disulphontc acid, 745 
G, 746 

Rosolic acid, 508 

Rotation, magnetic, 93 

Rotation, molecular, 88 

Rotatory power and salt formation, 91 

Rotatoiy power, variation in, 88 93 

Rubber, 352 

constitution of, 354 
fillers, 353 
latex, 353 
synthetic, 353 
vulcanisation of, 353 
Ruberythnc acid, 540 
Rubian, 540 
Rubianic acid, 540 
Rufigallic acid, 544 

Saccharic acids, 289 
d Sacchauc acid, 303 
Saccharin, 439 
Saccharose, 308 
Saframnes, 388, 749 
Safianols, 746 
Safranones, 746 
Sahcin, 306, 429 
Salicyl alcohol, 429 
Salicylaldehyde, 432 
Salicylic acid, 447 
Sahgenm, 429 ^ 

Sahpyrine, 620 
Salmme, 768 
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Salol, 447 
Salophene, 448 

Salt foimation and rotatory power, 91 
Salting out piocess, ioii 756 
Salvaisan* 410 
base of, 409 
Sanatogen, 767 
Sandmeyer's reaction, 395 
Santonin, 482 
Saponific ition, 147, 190 
Sarcolactic acid, 228 
Saicosine, 218 
Sarhine, 344 

Satmated compounds, 17 
Satinated hydrocarbons, 98 
&chizffe?*s acid, 526 
Schffs bases, 383, 431 
Sc luffs nitrometer, 6 
Schiffs le agent, 174 
SchoilKopfs acid, 527 
Sc-ho tie n Baumann reaction, 437 
Schiueizer's reagent, 316 
Scleropiotems, 765 
Scopolamine, 695, 898 
Scopohne, 69B 
Sebacic acid, 273 
Secondary alcohols, 130 
caibon atom, 99 
Selective issinnlation, 40 
Senucarbazide, 172, 834 
Semicarbazones, 172 
Senndme transformation, 392 
Senuninc, 304 

Semipolai double bond, 29, Si 
Sencm, 233, *769 
Serine, 2SB, 238 
Serum albumin, 761 
globulin, 761 
Sesquiterpenes, 481 
Se phenyl, 490 
Shale oil, 106 
Shellac, 229 
Side chains, 360 
Silk, artificial, 320 
Silk fibroin, 765, *709 
gelatin, 769 
gum, 233 

Sliver cyanide, 324 
fulminate, 330 
Smapnie, 239 
Single bonds, 17 
Singlet link, 29 
Simgnn, 32S 
Skatole, 592 
SKtaufi's synthesis, 650 
Smokeless powder, 320 
Soaps, 190 
Sodamide, 601 

Sodamide process for indigo, 601 
Sodium alkyls, 126 
ethaxide, 141 
ketyls, 5u 
methyl, 126 


Sodium thiocyanate, 327 
Soft soaps, 191 
Soldnme, 665 
Solubility, 7& 

Solvent influence and rotatoiy powci, 92 
Sorbic acid, 196 
Sorbinose, 306 
d Sorbitol, 246, 303 
d Soibose, 306 

Sorensvn's foimol titration method, 213 
Sozoiodol, 415 
Space formula?, 33 
Sp trteine, 703 
Specific gr ivity, 79 
Specific lotation, 87, 88 
Spent wash, 139 
Spermaceti, 144, 189 
Spmt blue, 506 
Spirits, methyl ited, 135, 136 
Spiro compounds, 42, 51 
foimation and stibihty, 51 
Spno 5 5' hydantoui, 52 
Spongm, 76S, *709 
Squalene, 482 
Starch, 136, 312 
mini'll, 314 

Stite of aggregation, 75 
Steam distillation, 77 
Steauc acid, 189 
Steann, 189 
Stearme candles, 190 
Stf^arolic aud, 196 
Steieochemibtiy, 31 
of caibon, 32 

of diphenyl gioup, 44 , 487 
ofmtiogen. 5 2 
Steieoisomensin, 14, 31, 71 
of dmo compounds, 60 
of fumanc and maluc acidb, 49, 273 
of glucoses, 298 

of hexahydiobeivenc dcnviti\cs, 50, 

461 

of nitiogen compounds, 52 
of oximes, 6B, 514 
of sulphiu compounds, fio 
of taitaric acids, 37 
Stenc hinchance, 864 , 434 
Steiolb, 484 
Stilbazoles, 641 
Stilbene, 511 
dibiomide, $12 

Stiam theory, Baeyir'S) 22, 90, 349 
StrecHr's method foi amino icicls^io 
Strength of acids and bases, 82 
Stiontium suciate, 309 
Suuctuial isomerism, 14, 71 
Structure of oigamc compounds, 15 
Structural foxmula., 16 
derivation of, 25 
Strychnine, 714 
Stuppfat, 560 
Sturine, 768 
Styphmc acid, 418 
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StyK ne, 373 

Subu ir i< id, 272 

Sulu umo, 272 

Substantive dyeing, 401 

Substituents, positive and negative, S3 

Substitution, 18 

m bcn/ciu mi< Ions, 362 
mfluuu c 011 u idic slicngth, 82 
pol t u ( h mgcs following, 83 
Sub >U itc, /()2 

Sm t indi tick hydc, 24 * 7 , 566, 689 
Siu 1 mdi ildovime, 217 , 568 
Sm unit u id, 136, 370 
mhydndc, 26 $ 

Sm (mmiulc, 2/1 

Siu ( mylo sumnu cstu, 271, 460 

Sue 1 Ucs, sliontium tincl t dcium, 309 

Sm 1 ost, 30H 

Sut msc, synthesis, 310 

Sug 11s, *,86 

t yt hi sliiu lim, 296 299 
bom i'll bon dioxide, 174 
Sulph uuln u id, 407 
Sulphinu u ids, 407 

isteis, oplu illy u Live, 61 
Sulphobumm at ids, 439 

Sulphotyami u id, 327 
Sulphon il, 152 
Sulphon uniifi s, 406 
Sulphoms, 152 
Sulphonu at ids, ihphatic, 151 
at ids, mom U11,405 
Sulpbonu t blondes, 406 
Sulpbomum 11m, isymmUi y of, 61 
hulpho siduylu tud, 7^3 
Sulpliovides, 152 

gtomcliu dly isomcuc, 61 
oplu ally at live, 61 
Sulphui, dt tu turn of, 4 

1 (impounds* gcomitiual 1 omuism, 61 
t ompoundsj oplu illy at uvt, 60 
t sum Uion of, 7 
Sulphui h at id estcih, 147 
SuUtmc s, 527 
Swi < t ty<, 191 
Sylv me, 583 
Syivt sIiuk, 167, 473 
dibydioc idoi idc, 473 
Sylvu at id, 47 \ 

Syinmiiiiy, tenitc of, 43 
S yn and anh fonns, 57 
Syn dm/oh>di 1U s, 396 
Synthesis, 1 omplete, 102 
Symbol, 106, 135 
Syimguhn luIoikic, 7°° 

1 ihm, 30 r 
lanmc in id, 453 
J mmgen, 455 
1 innm, ^ hmesc, 454 

cxli u is, 457 

hamameli, 455 
subfalilutcs, 45^ 


T inrun, Tmlush, 454 
fanning of hides, 457 
Tannins, 453 
Taitar, 279 
emetic, 280 
^Tartanc acid, 279 
/ lartaric acid, 280 
I aitanc auds, 278 

luds, stereoisomerism of, 36 
1 utromc acid, 277, 2S3 
T11, coal, 368 
wood, 135 

Famine, r6o, 234, 341, 485 
foimation m oiganism, 241 
1 auiochobc acid, 234, 485 
I uitomensm, 62, 71, 261, 614 
T uitomensm, double, 616 
m anndsne system, 70 
in amido lmidol system, 70 
in azo hydiazone system, 72 
in cyanide mude system, 69 
m diazo unmocompounds, 69 
in mtro pseudonitio system, 72 
mtra annulii, 68 
keto enohe, 69 
of acetoacetic ester, 261 
of ben?enc derivatives, 338, 615 
of glutaconic acids, 66 
of isatm, 595 
of malonic estei, 269 
of pyiazole dcuvatives, 614 
of ti lbenzoyl methane, 63 
ling chain, 67, 68 
tlnee i/ubon, 65 
Tenmes, 707 
l erephtlmhc acid, ^46 
[ u penes, 464 
dicyclic, 465, 478 
monocyclic, 465, 400 
oksfime, 145 
sesqui, 481 

table of transformations, 483 
1 eiphenyl, 489 
1 crptn, 145* 408 
hydi ate, 469 
Icipmene, 467 
I cipmeol, 469 
lorpinolene, 467 
Ieitiary alcohols, 130 
1 crtiary butyl carbmol, 142 
lertiaiy cirbon atom, 99 
Tetri acetylene dicarbovylic acid, 275 
icetyl fuictose, 310 
amylose, 315 

Tetiabromo fluorescein, 444 
indigo, 605 

Tctiachloro ethane, 124 
methane, 124 
pyuoie, 5^ 
qumone, 421 

Tell aethyl ammonium, 104 

Tetraethyl ammonium hydioxide, 163 
Tetiahcvacontane, 100 
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Tetrahydro acridines, 661 
benzene, 459, 461 
-benzaldehyde, 365 
-dimethyl naphthylamines, 530 
etliyl-naphthylammes, 530 
-naphthalene, 522 
naphthalene dicarboxylic acid, 519 
-na/phthols, 525 
naphtbylammes, 528 
-phenanthiene, 550 
py udine 3 aldehyde, 646 
pyridmes, 645 
pyromucic acid, 585 

-pyriole, 577 
qumolme, 634, 658 
thebaine, 735 

Tetrahydroxy anthraquinones, 544 
2 7 9 9 Tetiahydroxy fiuorene, 491 
Fetrahyclioxy methyl anthraqutnone, 546 
Tetiaiodo ethylene, 126 
Tetiaiodo pyirole, 57 ° 

Tetralm, 522 

Tetramethoxy diphenoquinone, 488 
Teti am ethoxy phenanthrene, 555 
Tetramethyl ammonium hydroxide, 163 
1 etramethyl ammonium iodide, 163 
/fr-Tetramethyl diammo benzophenone, 

435 

ft Tetramethyl diammo bcnzliydrol, 435 
Tetramethyl diammo diphenylmcthane, 
3S6 

diammo triplienyl caibinol, 50 r 
-diketo cyclobutanc, 18 x 
-ethylene glycol, 236 
-Y glucose, 299 
mdamme, 425 

Tetramethylene carboxylic acids, 348 
Tetramethylene diamine, 241 
origin in organism, 219 
1 etramoiphme, 727 
Tetiapeptide, 223 
Tetraphenyl acetone, 516 
-allene, 516 

ethane, sym ,515, unsym ,515 
-ethylene, 515 
hydiazine, 385, 389 
methane, 511 

«Y-Tetraphenyl propane, 516 
Tetravalency of oxygen, 632 
Tetrazmes, 752 
letrazo dyes, 404 
Tetrazole, 627, 630 
I etrazoles, 629 
Petrolic acid, 196 ,107 
Tetronal, 152 
Tetroses, 287, 294 
Tetroxalates, 267 
Thallme, 658 

Thebaine, 554, 555, 727 et seq 
formula for, 734 
Thebainone, 732 
Thebaol, 555 
Thebemne, 734 


Theobromine, 344 
Theophylline, 344 
rhermochromatic compounds, 75 
Thiazimes, 748 
Thnzme dyes, 747 
Thiazmes, 747, 748 
Him? ole, 625 
I hiazoles, 625 
Thiazones, 748 

rhtela's partial valency theoiy, 
rhio acetaldehyde, 181 
acetic acid, 183, 200 
acids, 183, 200 
alcohols, 151 
benzophenone, 435 
carbamhde, 384 

Y Thiocarbimido propyl methyl sulphone, 


329 

Thiocyanic acid, 327 


esteis, 327 

rhio diphenylamme, 747, 740 
rhio etneis, 152 
Thio foimaldehyde, 328 
Thio glucose, 328 
Thio mdigo led, 602 
Ihio ketones, 181 
Thio naphthene, 588 
lhiomne, 749 
dyes, 747 

Thionyl chloride, use of, 199 
Ihiophene, 248, 588 
Thiophene aldehyde, 588 
carboxylic acids, 588 
dimercuri hydroxy acetate, 587 
liomologues, 586, 587 
sulphomc acid, 587 
Thiophenols, 420 
Tlnophthene, 588 
fhiotolene, 556, 586 
Thiourea, 327, 334, 345 
Tluoxenes, 586 
d Thieose, 296 
rhrombase, 766 
Thy men e, 414 
Thymme, 7 S 9 , 771 
Thymol, 413, 414 
Ihymonucleic acids, 771 
rhyioxine, 448, 671 
Ttemaim Reim&r leaction, 432 
Tiglic acids, 5° 

Tolane, 512 
Tolidme, 487 
Tolu balsam, 436 
Toluene, 371 

0 Toluene diazo hydioxide, 621 
Toluene sulphomc acids, 406 
Toluidmes, 384 
Toluphenazme, 741 
Toluqumolmes, 653 
Tolusafranme, 745 
Toluylene blue, 743 
ft Toluylene diamine, 745 
Toluylene red, 742 
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o Tolyl acetic acid, 436 

p Tolyl dimethyl pyrazolone, 620 

0 Tolyl phenyl ketone, 536 

Tolypynne, 620 

rrans forms, 49, 50 

11 ansition tempei iture, 40 

I nacetxmide, 201 

Inacetyl benzene, 365 

1 riacetyl methane, 252 

Tmd systems, 64, 65 

145 Tnalkyl 3 alkylammo dihycho 

tnazoles, 628 
1 riammo azobenzene, 405 
Tnammo diphenyl tolyl caibmol, 503 
246 Triamino pyrimidine, 738 
Tnamino triphenyl caibmol, 500 
p Immino triphenyl melliane, S°3 
Immsyl carbmol, 495 
Tna/mes, 750 
Trta/oles, 626 

Tnbcn/oyl methane, 63, 268 , 516 
246 Tnbiomo aniline, 383 
s Inbromo benzene, 365, 394 
Tnbiomo benzene diazohydiate, 397 
Tubromo ethyl alcohol, 141 
Iribiomo methane, 124 
Tubromo phenol, 4 i 3 
phenyl mtios imine, 397 
lnbutylene, 113 
Tucaiballylic acid, 276 
lrichloro acetic acid, 82, SOS 
Tucliloto aceloacctic cstei, 258 
Tnchloio ethylene, 125 
lnchloioethyl methane, 332 
Tuchloio methane, 123 
-purine, 338 
pyrimidine, 73S 
s Tncthyl benzene, 365 
Tuethylulene tusulphone, 181 
Tugonellinc, 681 
Tnhexosan, 3x4 
Tiihydnc phenols, 419 
Inhydioxy anlhtaqumones, 543 
Tnhydioxy ben/enes, 420 
Tnhydioxy diphenyl tolylmethanc, 508 
Inhydroxy ethyl amine, 238 
Tnhydroxy glutauc acid, 295 
Fnliydioxy methyl antluaqumonc, 546 
Tnhydioxy palmitic acid, 229 
234 Inhydroxy phenanlluaqumone, 

55 ^ 

3 4 5 Tnhydroxy phenanthtone, 554 
Tnhydroxy tnphenyl methane, 508 
Tmodomethane, 124 
1 riketo hydrindene hydrate, 764 
Inketones, desmotvopy of, 252 
Tnmesic acid, 197, 446 
1 rimethylacetic acid, 188 
1 nmethvlamme, 163 
hydrochloride, 122 

1 nmethylammc oxide, structiue of, 30 
0 Trimethyl ammonium plienoxide, 619 
s Tnmethyl benzene, 365, 873 


Tiimethyl benzenes, 372 
Tnmetliylene, 347, S 4 S, 350 
bromide, 235 
carboxylic acids, 348 
glycol, 235 

Tumethyl-ethylene, 114 , 115 ,144 
glutaconic acid, 66 
glycim, 218 

hydroxy ammomum methoxide, 56 
mdolemne metlnodide, 592 
-isopropyhdene in do line, 592 
methoxy ammonium hydroxide, 56 
-methylene mdolme, 592 
succinic acid, 27 a, 479 
Inmorphine, 727 
s Trimtro benzene, 379 
2 4 6-Trimtro butyl-toluene, 380 
Tnmtio phenetole, 416 
Tnnitro phenol, 415 
act Tnnitro phenyl ethyl ether, 416 
Tnmtio toluene, 416 
Tnonal, 152 
Ti loses, 287, 288, 294 
Ti loxy methylenes, 175 
Tnphenyl acetic ac id, 496 
Triphenylamme, 386 
Tnphenyl aminogtmmdme, 628 
carbmol, 495, 496 
carbmol ethyl etliei, 495 
caibonium halides, 49^? 497 
chloio-metliane, 495 , 496 
cyamdme, 752 
ethylene, 512 
glyoxalme, 752 
liycUazyl, 390, 400 
isocyanate, 384 
/^coxazole, oxidation of, 59 
Tnphenyl methane, 494 

methane, idditton compounds of, 494 
-methane dye stuffs, 498 
methyl, 508 

-methyl chlonde, 495, 496 
methyl iodide, 509 
methyl peroxide, 509 
methyl sulphate, 496 
paiatosamhne, 506 
Tuple bond, 17, 21 
Tnpyuole, 569 
Tusacchandes, 312 
Tnsulphone acetone, 181 
Tn-tlno acetone, 181 
Tri thio aldehyde, 181 
Intico nucleic acid, 77^ 

Tnvalency of carbon, 16, BOS, 538 
11 ivalent radicals, 99 
Tiopacocame, 699 
Tropaeolme O, 405 
1 lopane, 682, 683 
methochloride, 683 
Ttopanol, 683 
Tiopanone, 688 
Tropemes, 697 
Tiopene, 694 
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